
FINAL R E P O R T  

NASA Grant  N G R  05-007-273 

Mar iner  Venus-Mercury Flyby Miss ion  

P r i n c i p a l  I n v e s t i g a t o r :  Paul J .  Coleman, J r .  

Space S c i e n c e  C e n t e r  
U n i v e r s i t y  of C a l i f o r n i a  

Los Ange les ,  C a l i f o r n i a  90024 

March 31 ,  1971 



Background 

The I n s t i t u t e  of  Geophys i c s  and P l a n e t a r y  P h y s i c s  o f  t h e  

U n i v e r s i t y  of C a l i f o r n i a ,  Los A n g e l e s ,  r e q u e s t e d  s u p p o r t  f o r  

p a r t i c i p a t i o n  o f  t h e  magne tome te r  i n s t r u m e n t  team on t h e  

M a r i n e r  Venus-Mercury F lyby  M i s s i o n .  The magne tome te r  team 

i s  d i r e c t e d  by t h e  p r i n c i p a l  i n v e s t i g a t o r ,  Dr. Pau l  J .  Coleman,  J r .  

P r o g r e s s  During t h e  R e p o r t i n g  P e r i o d  

The magne tome te r  team h e l d  s e v e r a l  m e e t i n g s  t o  p r e p a r e  a 

f i n a l  r e p o r t  on t h e  magne tome te r  i n s t r u m e n t .  The f i n a l  r e p o r t  

was p r e p a r e d  and s u b m i t t e d  t o  t h e  M a r i n e r  Venus-Mercury o f f i c e .  

Dur ing  t h e  r e p o r t i n g  p e r i o d ,  Dr. Coleman a l s o  a t t e n d e d  t h e  

s c h e d u l e d  M a r i n e r  Venus-Mercury S c i e n c e  S t e e r i n g  Group m e e t i n g s -  

i n c l u d e d  a s  p a r t  or" t h i s  f i n a l  r e p o r t  i s  one copy o f  t i l e  

" F i n a l  R e p o r t  of  t h e  Magne tometer  I n s t r u m e n t  Team f o r  t h e  1 9 7 3  

Mercury-Venus M i s s i o n  Design S t u d y . "  



FINAL REPORT OF THE 

MAGNETOMETER INSTRUMENT TEAM 

for the 

1973 MERCURY -VENUS MISSION DESIGN STUDY 

National Aeronautics and Space Administration 

Grant No, NGR 05-007-273 

Publication No. 839 

Institute of Geophysics and Planetary Physics 

University of California 

Los Angeles, California 90024 



F i n a l  R e p o r t  o f  t h e  

Magnetometer  I n s t r u m e n t  Team 

f o r  t h e  

1973  Mercury-Venus Mis s ion  Design S t u d y  

N a t i o n a l  A e r o n a u t i c s  and Space  A d m i n i s t r a t i o n  
G r a n t  No. N G R  05-007-273 

Paul  J .  Coleman, J r .  (Team L e a d e r )  
U n i v e r s i t y  o f  C a l i f o r n i a ,  Los Angeles  

David S.  Colburn  Ames R e s e a r c h  C e n t e r  
M o f f e t t  F i e l d ,  C a l i f o r n i a  

L e v e r e t t  D a v i s ,  J r .  Cal t e c h ,  Pasadena  

Palmer  Dyal Ames Resea rch  C e n t e r  
M o f f e t t  F i e l d ,  C a l i f o r n i a  

Douglas E .  J o n e s  Brigham Young Un iv . ,  P rovo ,  U t a h  

Edward J .  Smi th  J e t  P r o p u l s i o n  L a b o r a t o r y ,  P a s a d e n a  

C h a r l e s  P .  S o n e t t  Ames Resea rch  C e n t e r  
M o f f e t t  F i e l d ,  C a l i f o r n i a  

A l l a n  M .  F randsen  ( E x p e r i m e n t  R e p r e s e n t a t i v e )  
J e t  P r o p u l s i o n  L a b o r a t o r y ,  P a s a d e n a  

P u b l i c a t i o n  No. 839 

I n s t i t u t e  o f  Geophys i c s  and P l a n e t a r y  P h y s i c s  

U n i v e r s i t y  o f  C a l i f o r n i a  

Los A n g e l e s ,  C a l i f o r n i a  90024 

A p r i l  24 ,  1970 



T A B L E  O F  CONTENTS 

I .  INTRODUCTION 

A .  O b j e c t i v e s  of  t h e  Magnetometer Team 

B .  Background 

C .  Remarks on t h e  Con ten t s  of t h i s  Report  

11. OBJECTIVES O F  EXPERIMENT 

A .  O v e r a l l  S c i e n t i f i c  O b j e c t i v e s  of  t h e  
Mission (NASA) 

B .  D e t a i l e d  S c i e n t i f i c  O b j e c t i v e s  of  t h e  
Mission (SSG) 

C .  O b j e c t i v e s  of t h e  Magnetometer Experiment 

111. INSTRUMENTATION 

A .  I n t r o d u c t i o n  

B .  Techn ica l  C o n s i d e r a t i o n s  

C .  D e s c r i p t i o n  of Minimal Ins t rumen t  

D .  E f f e c t s  of Midcourse Motor Exhaust  

E .  Summary D e s c r i p t i o n  of Minimal Magnetometer 
Sys tem 

IV. MISSION REQUIREMENTS O F  THE EXPERIMENT 

A .  T r a j e c t o r y  

B .  Data Rates  and Data S t o r a g e  

C .  I n t e r p l a n e t a r y  Roll Maneuvers 

D .  Data on Mode Changes 

E .  Data on C u r r e n t s  and Movable Apparatus  

V. MAGNETIC-FIELD INTERFERENCE SPECIFICATIONS 

A .  Background 

B .  Magne t i c -F ie ld  I n t e r f e r e n c e  S p e c i f i c a t i o n s  



C .  P rocedures  f o r  Magnet ic  I n t e r f e r e n c e  T e s t s  40 

D. Remarks on Magnetic I n t e r f e r e n c e  S p e c i f i c a t i o n ~ s  42  

VI. REMARKS O N  T H E  PROPOSAL SELECTION PROCESS 4 3  

A .  Cost  I n f o r m a t i o n  43  

B .  The Composite Subcommittee 4 4  

REFERENCES 46 



I .  INTRODUCTION 

A .  O b j e c t i v e s  o f  t h e  Magnetometer Team 

The magnetometer team was s e l e c t e d  by t h e  Na t iona l  Aere- 

n a u t i c s  and Space A d m i n i s t r a t i o n  t o  p a r t i c i p a t e  i n  t h e  p l a n n i n g  

o f  t h e  Mariner  Venus-Mercury 1973 (MVM 73) m i s s i o n .  The o b -  

j e c t i v e s  o f  t h e  team, a s  s p e c i f i e d  by N A S A ,  were a s  f o l l o w s :  

1 .  To s p e c i f y  t h e  s c i e n t i f i c  o b j e c t i v e s  of  t h e  

expe r imen t .  In p r a c t i c e ,  t h e r e  were two p a r t s  

t o  t h i s  o b j e c t i v e .  The f i r s t  was t o  a s s i s t  in1 

t h e  development  of t h e  s c i e n t i f i c  o b j e c t i v e s  

of  t h e  miss ion  a s  a  whole,  and t h e  second was 

t o  deve lop  s c i e n t i f i c  o b j e c t i v e s  of  t h e  magnet ic  

f i e l d  expe r imen t .  

2 .  To g e n e r a t e  t h e  s p e c i f i c a t i o n s  f o r  t h e  i n -  

s t r u m e n t a t i o n .  

3 .  To recommend primary and a l t e r n a t e  i n s t r u m e n t  

m e c h a n i z a t i o n s .  In p r a c t i c e ,  t h e  e f f o r t s  of  t h e  

team were d i r e c t e d  toward s p e c i f y i n g  t h e  l e a s t  

e x p e n s i v e  i n s t r u m e n t  t h a t  would meet t h e  s c i e n t i f i c  

o b j e c t i v e s .  As a  consequence ,  no a l t e r n a t i v e s  a r e  

d i s c u s s e d .  

4 .  To p a r t i c i p a t e  i n  s p a c e c r a f t  and miss ion  t r a d e o f f  

s t u d i e s .  In meet ing  t h i s  o b j e c t i v e ,  we a s s i s t e d  

p r o j e c t  personnel  i n  p l ann ing  miss ion  o p e r a t i o ~ n s ,  

s e l e c t i n g  t h e  t r a j e c t o r y ,  and d e s i g n i n g  t h e  
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s p a c e c r a f t  s o  t h a t  t h e  magnet ic  f i e l d  measurements 

would meet t h e  s c i e n t i f i c  o b j e c t i v e s .  

B .  Background 

Ear ly  i n  t h e  c o u r s e  of t h i s  work, i t  became a p p a r e n t  

t h a t  t h e  budget  f o r  t h e  miss ion  was t o o  smal l  e i t h e r  t o  

accommodate a  s o p h i s t i c a t e d  magnetometer expe r imen t  o r  t o  

s u p p o r t  a  s t r i n g e n t  program t o  c o n t r o l  t h e  magnet ic  f i e l d  

of t h e  s p a c e c r a f t .  S i n c e  t h a t  t i m e ,  t h e  g o a l s  o f  t h e  mag-  

ne tomete r  team have been a  s p a c e c r a f t  and a  mis s ion  t h a t  w o u l d  

p r o v i d e  t h e  b e s t  magnet ic  f i e l d  d a t a  o b t a i n a b l e  wi th  t h e  

a v a i l a b l e  f u n d s .  Of c o u r s e ,  t h e  t h i n g s  t h a t  a r e  b e s t  f o r  a n y  

s i n g l e  expe r imen t  a r e  n o t  always b e s t  f o r  t h e  o t h e r  expe r imen t s  

o r  f o r  t h e  p r o j e c t  a s  a  whole.  Consequent ly ,  we, a l o n g  w i t h  

everyone  e l s e ,  have made a  number of compromises.  

To g i v e  two examples:  The magnetometer t h a t  w i l l  be  

d e s c r i b e d  h e r e  i s  a  r e l a t i v e l y  s imple  i n s t r u m e n t .  There i s  

no i n t e r n a l  d a t a  p r o c e s s i n g  o t h e r  than  o u t p u t  f i l t e r s  and 

t h e r e  i s  no f l i p p e r  f o r  t h e  s e n s o r .  Secondly ,  t h e  magnet ic  

f i e l d  i n t e r f e r e n c e  s p e c i f i c a t i o n s  a r e  n o t  a s  s t r i n g e n t  a s  we 

had o r i g i n a l l y  d e s i r e d .  

Because of t h e  high d a t a  r a t e s  t h a t  w i l l  be a v a i l a b l e ,  

we recommended t h e  e l i m i n a t i o n  of much of t h e  onboard s i g n a l  

p r o c e s s i n g  o r i g i n a l l y  though t  n e c e s s a r y .  We e l i m i n a t e d  t h e  

s e n s o r  f l i p p e r  and r e l a x e d  t h e  s p e c i f i c a t i o n s  on magnet ic  

i n t e r f e r e n c e  because  1 )  f o r  t h e  f i r s t  t i m e ,  a  Mariner  s p a c e c r a f t  
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w i l l  i n c l u d e  a  s e p a r a t e  m a g n e t o m e t e r  boom ( s e e  F i g u r e  I , 1 ) ;  

2 )  b e c a u s e  s t r o n g e r  f i e l d s  s h o u l d  p r e v a i l  i n  i n t e r p l a n e t a r y  

s p a c e  b e t w e e n  t h e  e a r t h  a n d  M e r c u r y ;  a n d  3 )  b e c a u s e  t e c h n i q u e s  

h a v e  b e e n  d e v e l o p e d  f o r  u s i n g  n a t u r a l l y  o c c u r r i n g  f i e l d  r o t a -  

t i o n s  a n d  s p a c e c r a f t  r o l l  m a n e u v e r s  t o  m e a s u r e  t h e  t o t a l  e r r o r  

f i e l d ,  i . e . ,  t h e  s p a c e c r a f t  f i e l d  a n d  m a g n e t o m e t e r  z e r o  l e v e l  

e r r o r .  

A l t h o u g h  t h e s e  a r e  t h e  m a i n  c o m p r o m i s e s ,  s e v e r a l  o t h e r s  

w e r e  made as  w e l l .  I n  e a c h  i n s t a n c e ,  o u r  r e c o m m e n d a t i o n  w a s  

b a s e d  p r i m a r i l y  on  c o s t  a d v a n t a g e s .  However ,  n o  c o m p r o m i s e  

was made t h a t  w o u l d ,  i n  o u r  o p i n i o n ,  e l i m i n a t e  a n y  o f  t h e  

s t a t e d  s c i e n t i f i c  o b j e c t i v e s  o f  t h e  e x p e r i m e n t .  

C .  Remarks on  t h e  C o n t e n t s  o f  t h i s  R e p o r t  

I n  t h i s  r e p o r t ,  we w i l l  d e s c r i b e  t h e  s i m p l e s t  i n s t r u -  

m e n t  t h a t  t h e  t e a m  c o n s i d e r s  a d e q u a t e  t o  m e e t  t h e  s c i e n t i f i c  

o b j e c t i v e s ,  t h e  m a g n e t o m e t e r - s p a c e c r a f t  i n t e r f a c e ,  a n d  t h e  

r e q u i r e m e n t s  f o r  t h e  e x p e r i m e n t .  We w i l l  i n c l u d e  a  s p e c i f i c a -  

t i o n  on  t h e  m a g n e t i c  f i e l d s  o f  s p a c e c r a f t  h a r d w a r e  a n d  some 

d i s c u s s i o n  o f  t h i s  s p e c i f i c a t i o n .  

A t  t h e  l a s t  m e e t i n g  o f  t h e  M V M  7 3  S c i e n c e  S t e e r i n g  G r o u p  

(SSG), p r o g r a m  p e r s o n n e l  f r o m  N A S A  H e a d q u a r t e r s  d e s c r i b e d  some 

o f  t h e  p r o c e d u r e s  u n d e r  w h i c h  t h e  p r o p o s a l s  w i l l  be e v a l l u a t e d .  

I n  t h e  f i n a l  s e c t i o n  o f  t h e  r e p o r t ,  we h a v e  i n c l u d e d  some o f  

t h e  r e a c t i o n s  o f  t h e  t e a m  t o  t h e s e  c h a n g e s  a n d  some recommenda- 

t i o n s  t o  NASA on t h e  s u b j e c t  o f  p r o p o s a l  e v a l b a t i o n .  We h a v e  

a l s o  s u m m a r i z e d  o u r  t e c h n i c a l  r e c o m m e n d a t i o n s .  





11.  OBJECTIVES OF THE EXPERIMENT 

A .  Overa l l  S c i e n t i f i c  O b j e c t i v e s  of  t h e  Mission (NASA) 

The Nat ional  A e r o n a u t i c s  and Space A d m i n i s t r a t i o n  ( N A S A )  

has e s t a b l i s h e d  broad o b j e c t i v e s  o f  t h e  M V M  73 m i s s i o n ,  a s  

f o l l o w s :  The pr imary  miss ion  o b j e c t i v e  i s  t o  c o n d u c t ,  d u r i n g  

t h e  1973 o p p o r t u n i t y ,  e x p l o r a t o r y  i n v e s t i g a t i o n s  o f  t h e  p l a n e t  

Mercury ' s  env i ronment ,  a tmosphere ,  s u r f a c e  and body c h a r a c -  

t e r i s t i c s  and t o  o b t a i n  envi ronmenta l  and a tmospher i c  d a t a  

from Venus d u r i n g  t h e  f l y b y  of  Venus. F i r s t  p r i o r i t y  i s  

a s s i g n e d  t o  t h e  Mercury i n v e s t i g a t i o n s .  

The secondary  o b j e c t i v e s  a r e  t o  perform i n t e r p l a n e t a r y  

expe r imen t s  w h i l e  t h e  s p a c e c r a f t  i s  e n r o u t e  from e a r t h  t o  

Mercury, and t o  o b t a i n  e x p e r i e n c e  wi th  a  d u a l - p l a n e t  g r a v i t y  

a s s i s t  m i s s i o n .  

I t  i s  g e n e r a l l y  assumed t h a t  d a t a  o b t a i n e d  t o  s a t i s f y  

Venus o b j e c t i v e s  would be o b t a i n e d  by us ing  i n s t r u m e n t s  p r i -  

m a r i l y  des igned  f o r  use a t  Mercury. 

B .  D e t a i l e d  S c i e n t i f i c  O b j e c t i v e s  o f  t h e  Mission (SSG) 

The S c i e n c e  S t e e r i n g  Group (SSG) recommended s p e c i f i c  

s c i e n t i f i c  o b j e c t i v e s  f o r  t h e  M V M  73 m i s s i o n .  No r e l a t i v e  

p r i o r i t y  i s  impl i ed  i n  t h e  f o l l o w i n g  l i s t  of t h e s e  o b j e c t i v e s .  

Mercury 

1 .  Obta in  imagery o f  t h e  s u r f a c e  of  t h e  p l a n e t .  T h i s  

o b j e c t i v e  i n v o l v e s  i d e n t i f i c a t i o n  of g r o s s  p l a n e t a r y  

phys iography ,  morphology of s u r f a c e  f e a t u r e s ,  



5 

d e t e r m i n a t i o n  o f  t h e  p h o t o m e t r i c  p r o p e r t i e s  o f  l o c a l  

s u r f a c e  f e a t u r e s  a n d  t h e  d e t e r m i n a t i o n  o f  t h e  s h a p e  

a n d  s p i n  a x i s  o r i e n t a t i o n  o f  t h e  p l a n e t .  

2 .  D e t e c t  a n d  m e a s u r e  an  a t m o s p h e r e  a n d  i o n o s p h e r e ,  if 

p r e s e n t .  T h i s  o b j e c t i v e  i n v o l v e s  i n v e s t i g a t i o n  o f  

t h e  i n t e r a c t i o n  o f  a  min imum a t m o s p h e r e  w i t h  t h e  

s o l a r  w i n d .  

3 .  C h a r a c t e r i z e  t h e  s u r f a c e  t h e r m a l  p r o p e r t i e s  o f  

M e r c u r y .  To s a t i s f y  t h i s  o b j e c t i v e  r e q u i r e s  d i e t e r -  

m i n a t i o n  o f  t h e r m a l  p h y s i c a l  p r o p e r t i e s  o f  t h e  su r -  

f a c e  a n d  a n o m a l i e s  i n  t h e  t e m p e r a t u r e - p h a s e  r e l a t i o n -  

s h i p  a s s o c i a t e d  w i t h  p h y s i o g r a p h i c  f e a t u r e s .  

4 .  D e t e r m i n a t i o n  o f  t h e  p l a s m a  e n v i r o n m e n t  i n  t h e  

v i c i n i t y  o f  M e r c u r y .  D e v e l o p m e n t  o f  t h i s  o b j e c t i v e  

r e q u i r e s  measuremen t  o f  t h e  c h a r a c t e r i s t i c s  o f '  t h e  

s o l a r  w i n d  i n t e r a c t i o n  a t  t h e  p l a n e t ,  q u a n t i t a t i v e  

measuremen ts  o f  a n y  t r a p p e d  r a d i a t i o n ,  and  i n w e s t i g a -  

t i o n  o f  w a v e - p a r t i c l e  i n t e r a c t i o n s  n e a r  t h e  p l a n e t ,  

5. D e t e r m i n e  t h e  m a g n e t i c  f i e l d  e n v i r o n m e n t  i n  t h e  v i c i n i t y  

o f  M e r c u r y  a n d  r e l a t e  t h e  o b s e r v e d  f i e l d  t o  an  i n -  

t r i n s i c  m a g n e t i c  f i e l d  o f  t h e  p l a n e t  o r  t o  t h e  s o l a r  

w i n d  i n t e r a c t i o n  w i t h  M e r c u r y .  

6 .  O b t a i n  measuremen ts  w h i c h  a r e  d i r e c t e d  t o w a r d  e s t a b l i s h -  

i n g t h e  c o m p o s i t i o n  o f  t h e  s u r f a c e  o f  t h e  p l a n e t .  

7 .  O b t a i n  d a t a  w h i c h  w i l l  i m p r o v e  t h e  e x i s t i n g  i n f o r m a -  

t i o n  r e l a t i v e  t o  t h e  g r a v i t a t i o n a l  p o t e n t i a l ,  m a s s  
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and shape  of Mercury and ephemer is  o f  t h e  p l a n e t .  

Venus 

1 .  Obta in  d a t a  which w i l l  h e l p  t o  q u a l i f y  t h e  unknown 

pa ramete r s  o f  t h e  a tmosphere ,  such a s  s t r u c t u r e ,  

c i r c u l a t i o n  p a t t e r n s ,  composi t ion  and d i s t r i b u t i o n ,  

2 .  Extend e x i s t i n g  knowledge r e g a r d i n g  t h e  i n t e r a c t i o n  

between t h e  s o l a r  wind and Venus. Measurements s h o u l d  

i n c l u d e  plasma,  plasma waves,  magnet ic  f i e l d s ,  

e n e r g e t i c  p a r t i c l e s  and t h e  composi t ion  of  low energy  

i o n s .  

3 .  Improve e x i s t i n g  d a t a  r e l a t i v e  t o  t h e  mass,  ephemer is  

and g r a v i t a t i o n a l  pa ramete r s  o f  Venus. 

I n t e r p l  a n e t a r y  Space 

1 .  Study r a d i a l  g r a d i e n t s  of  magnet ic  f i e l d s ,  plasma 

p a r a m e t e r s ,  charged  p a r t i c l e  c h a r a c t e r i s t i c s  and plasma 

waves i n  i n t e r p l a n e t a r y  s p a c e .  

2 .  Explore  t h e  plasma i n s t a b i l i t i e s  and col  l i s i o n l e s s  

i n t e r a c t i o n  phenomena t h a t  must occur  i n  t h e  i n n e r  

s o l a r  sys tem and r e l a t e  t h e s e  t o  plasma c h a r a c t e r i s t i c s  

observed  n e a r  t h e  e a r t h .  

3 .  C o l l e c t  i n f o r m a t i o n  r e l a t i v e  t o  t h e  dynamics of  t h e  

s o l a r  sys t em.  

4 .  Seek d a t a  on e n e r g e t i c  p r o c e s s e s  i n  t h e  s o l a r  

a tmosphere  d u r i n g  f l a r e s .  

5 .  Obta in  d a t a  on d i f f u s e  s p e c t r a  which o r i g i n a t e  o u t s i d e  

of t h e  s o l a r  sys tem.  



Extended  Mis s ion  

1 .  C o l l e c t  d a t a  t o  d e t e r m i n e  r e l a t i v i t y  m e t r i c  p a r a m e t e r s .  

2 .  E x p l o r e  t h e  s o l a r  c o r o n a  by m e a s u r i n g  e l e c t r o n  c o n t e n t  

and m a g n e t i c  f i e l d s .  

3 .  O b t a i n  d a t a  on t h e  o b l a t e n e s s  o f  t h e  s u n .  

4 .  Maximize t h e  p o s s i b i l i t y  o f  r e - e n c o u n t e r i n g  Mercury 

a f t e r  r e a c h i n g  s o l a r  s u p e r i o r  c o n j u n c t i o n .  
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C .  O b j e c t i v e s  of t h e  Magnetometer Experiment  

The pr imary  o b j e c t i v e  o f  t h e  miss ion  a s  d e f i n e d  by t h e  

NASA i s  t h e  s t u d y  of  Mercury. Accord ing ly ,  t h e  magnetometer 

team e s t a b l i s h e d  o b j e c t i v e s  f o r  t h e  magnetometer expe r imen t  

which,  i n  o r d e r  of p r i o r i t y ,  a r e  a s  f o l l o w s :  

Mercury 

1 .  To de te rmine  whether  Mercury has a p l a n e t a r y  magnet ic  

f i e l d .  I f  t h e  s p a c e c r a f t  p a s s e s  through a  magnet ic  

c a v i t y  produced by a  f i e l d  from Mercury, t h e  e x p e r i -  

ment would y i e l d  a t  l e a s t  a  measurement of  t h e  d i p o l e  

moment, both magnitude and d i r e c t i o n .  

2 .  To de te rmine  t h e  magnet ic  p r o p e r t i e s  o f  t h e  i n t e r -  

a c t i o n  of t h e  s o l a r  wind w i t h  Mercury. I f  t h e  

p l a n e t a r y  f i e l d  i s  n o t  encoun te red  d i r e c t l y ,  t h e  

d a t a  on t h i s  i n t e r a c t i o n  w i l l  a l s o  p u t  upper  l i m i t s  

on t h e  d i p o l e  moment of  any p l a n e t a r y  f i e l d .  

Venus 

1 .  To ex tend  t h e  measurements of t h e  magnet ic  p r o p e r t i e s  

of  t h e  i n t e r a c t i o n  of  t h e  s o l a r  wind wi th  Venus. An  

i m p o r t a n t  f e a t u r e  of t h e  miss ion  i s  a  t r a j e c t o r y  t h a t  

p a s s e s  through t h e  r e g i o n s  of  s o l a r  w i n d - p l a n e t  i n t e r -  

a c t i o n  a t  t h r e e  p l a n e t s ,  t h e  e a r t h ,  Venus, and M e r c u r y .  

The i n t e r p r e t a t i o n  of  t h e  d a t a  from t h e  p a r t i c l e s  a n d  

f i e l d s  i n s t r u m e n t s  a t  Mercury w i l l  t h e r e f o r e  b e  



Y 

f a c i l i t a t e d  by t h e  e x p e r i e n c e  g a i n e d  i n  t h e  a n a l y s i s  

o f  d a t a  o b t a i n e d  w i t h  t h e  same i n s t r u m e n t s  d u r i n g  t h e  

e a r l i e r  e n c o u n t e r s  w i t h  t h e  t w o  o t h e r  p l a n e t s ,  

I n t e r p l a n e t a r y  Space 

1 .  To d e t e r m i n e  how t h e  i n t e r p l a n e t a r y  m a g n e t i c  f i e l d  

a n d  t h e  f l u c t u a t i o n s  i n  t h e  f i e l d  change  w i t h  d i s t a n c e  

f r o m  t h e  sun .  An i m p o r t a n t  a s p e c t  o f  t h e  M V M  m i s s i o n  

i s  i t s  s i m u l t a n e i t y  w i t h  t h e  P i o n e e r  J u p i t e r  m i s s i o n .  

The l a t t e r  w i l l  p r o v i d e  measuremen ts  o f  t h e  f , i e l d  a n d  

i t s  f l u c t u a t i o n s  b e t w e e n  1  . O  a n d  5 . 0  AU. 

F o r  a  d i s c u s s i o n  o f  t h e s e  o b j e c t i v e s  t h e  r e a d e r  i s  

r e f e r r e d  t o  t h e  e x p e r i m e n t  p r o p o s a l  s u b m i t t e d  b y  t h e  t e a m  

i n  May 1 9 6 9  [ C o l  b u r n  gt- a., 1 9 6 9 1 .  



111. INSTRUMENTATION 

A. I n t r o d u c t i o n  

I n  recommend ing  t h e  s i m p l e s t  i n s t r u m e n t  c o n s i s t e n t  w i t h  

o u r  s c i e n t i f i c  o b j e c t i v e s ,  we c h o s e  t h e  f l u x g a t e  r a t h e r  t h a n  

t h e  h e l i u m  m a g n e t o m e t e r  a s  t h e  b a s i c  m a g n e t o m e t e r  d e s p i t e  t h e  

f a c t  t h a t  o u r  t e s t s  show t h a t  t h e  h e l i u m  m a g n e t o m e t e r  i s  some- 

w h a t  more  s t a b l e .  We a l s o  c h o s e  a  s e n s o r  w i t h o u t  a  f l i p p i n g  

d e v i c e .  F u r t h e r ,  t h e  s i m p l i f i e d  i n s t r u m e n t  i n c l u d e s  no  

i n t e r n a l  d a t a  p r o c e s s i n g  c i r c u i t r y  o t h e r  t h a n  t h e  o u t p u t  

f i l t e r s .  However ,  t h i s  l a s t  s i m p l i f i c a t i o n  w i l l  b e  c o m p e n s a t e d  

f o r  p a r t i a l l y  b y  t h e  r a t h e r  h i g h  d a t a  r a t e s  t h a t  w i l l  b e  

a v a i l a b l e  f o r  t h e  m i s s i o n .  Thus,  i t  w i l l  be p o s s i b l e  t o  

s t u d y  f i e l d  f l u c t u a t i o n s  a t  f r e q u e n c i e s  up  t o  t h e  p r o t o n  

g y r o f r e q u e n c y ,  w h i c h  i n  t h e  s p a c e c r a f t  r e f e r e n c e  f r a m e  may 

b e  d o p p l e r  s h i f t e d  t o  1 0  t i m e s  i t s  v a l u e  i n  t h e  m o v i n g  p l a s m a .  

As s t a t e d  p r e v i o u s l y ,  t h e s e  s i m p l i f i c a t i o n s  w e r e  recom- 

mended p r i m a r i l y  a s  a  means o f  r e d u c i n g  t h e  c o s t  o f  t h e  

e x p e r i m e n t .  

B .  T e c h n i c a l  C o n s i d e r a t i o n s  

1 .  Type  o f  M a g n e t o m e t e r .  On t h e  b a s i s  o f  t h e  e x p e r i e n c e  

o f  t h e  team members, t h e  t e a m  c o n c l u d e d  t h a t  e i t h e r  a  h e l i u m  

o r  a f l u x g a t e  m a g n e t o m e t e r  c o u l d  m e e t  t h e  s c i e n t i f i c  o b j e c t i v e s  

f o r  t h e  M V M  73 m i s s i o n .  T e s t s  h a v e  shown t h a t  t h e  p e r f o r m a n c e  

o f  t h e  h e l i u m  m a g n e t o m e t e r  i s  s u p e r i o r  i n  some r e s p e c t s  d o  

t h a t  o f  t h e  f l u x g a t e .  However,  e x p e r i e n c e  has  shown t h a t  t h e  



hel ium magnetometer i s  somewhat more e x p e n s i v e  than  t h e  f l u x -  

g a t e .  The overwhelming impor tance  of  budge ta ry  c o n s i d e r a t i o n s  

f o r  t h i s  p a r t i c u l a r  mis s ion  l e d  t h e  team t o  s e l e c t  a  mag- 

ne tomete r  of  t h e  f l u x g a t e  t y p e  a s  t h e  b e s t  i n s t r u m e n t  f o r  t h e  

M V M  73 m i s s i o n .  

2 .  Dynamic Range. The c a p a b i l i t y  t o  a c c u r a t e l y  measure 

a  d i p o l a r  f i e l d  a t  Mercury, i f  t h e  s p a c e c r a f t  p e n e t r a t e s  a 

magnetosphere ,  r e q u i r e s  a  dynamic range  a t  l e a s t  s e v e r a l  t i m e s  

3  10 y. For a  s o l a r  wind of p ro ton  number d e n s i t y  n = 30 cm - 3 
P 

and v e l o c i t y  v = 400 km/sec, t h e  s t a g n a t i o n  p r e s s u r e  i s  

roughly  9 . 1 0 ' ~  dynes cmm2. I f  t h i s  p r e s s u r e  were ba lanced  by 

magnet ic  p r e s s u r e  a l o n e ,  t h e  r e q u i r e d  f i e l d  s t r e n g t h  would b e  

a b o u t  150 y. The s o l a r  wind pa ramete r s  used h e r e  a r e  e x t r a p a -  

l a t i o n s  t o  0 . 4  A U ,  u s ing  P a r k e r ' s  s o l a r  wind model,  of t h e  

v a l u e s  n = 5  cm-3 and v = 400 km/sec,  which a r e  t y p i c a l  o f  
P 

t h e  s o l a r  wind n e a r  1 . 0  A U .  S i n c e  p ro ton  number d e n s i t i e s  a s  

high a s  80 cm-3 and v e l o c i t i e s  a s  high a s  800 km/sec were 

observed  d u r i n g  p r e v i o u s  Mariner  f l i g h t s ,  t h e  s t a g n a t i o n  

p r e s s u r e  can be a s  g r e a t  a s  64 t imes  t h e  v a l u e  of 9 . 1 0 - ~  dynes 
- 2 cm . Thus, t h e  s t a g n a t i o n  f i e l d  cou ld  be a s  l a r g e  a s  1 2 0 0  y ,  

A dynamic range  of f o u r  t imes  t h i s  v a l u e ,  o r  4800 y, w i l l  t h e r e -  

f o r e  i n s u r e  t h a t ,  i f  t h e  s p a c e c r a f t  e n c o u n t e r s  a  p l a n e t a r y  

magnet ic  c a v i t y ,  t h e  magnetometer wi 11 n o t  s a t u r a t e  b e f o r e  p r o -  

v i d i n g  measurements a d e q u a t e  t o  de te rmine  t h e  magnitude a n d  

o r i e n t a t i o n  of t h e  p l a n e t a r y  d i p o l e  moment. 

I n t e r m e d i a t e  s e n s i t i v i t i e s  shou ld  be based on e s t i m a t e s  o f  



t h e  d i s t u r b e d  f i e l d s  i n  i n t e r p l a n e t a r y  s p a c e  n e a r  0 . 4  A U  a n d  

t h e  f i e l d s  t o  be e x p e c t e d  i n  t h e  i n t e r a c t i o n  r e g i o n s  (magne to -  

s h e a t h s )  n e a r  t h e  p l a n e t s .  Thus ,  i n t e r m e d i a t e  dynamic r a n g e s  

o f  +300 y and  + I 0 0 0  y s h o u l d  be a d e q u a t e .  A l o w e s t  r a n g e  o f  

+ I 0 0  y would p r o v i d e  h i g h  s e n s i t i v i t y  measurements  o f  t h e  

i n t e r p l a n e t a r y  f i e l d ,  i . e .  0 . 2  y p e r  b i t .  T h i s  s e n s i t i v i t y  

i s  c o m p a t i b l e  w i t h  o u r  e s t i m a t e  o f  t h e  m a g n e t i c  n o i s e  f rom 

t h e  s p a c e c r a f t .  

3 .  F requency  Response .  To s t u d y  f i e l d  f l u c t u a t i o n s  t h a t  

a r e  l i k e l y  t o  a f f e c t  t h e  t h e r m a l  component o f  t h e  p o s i t i v e  i o n  

v e l o c i t y  d i s t r i b u t i o n s ,  t h e  magne tome te r  s y s t e m  s h o u l d  p r o v i d e  

f i e l d  measurements  a t  f r e q u e n c i e s  u p  t o  10  Hz. T h i s  uppe r  

l i m i t  e x c e e d s  t h e  D o p p l e r - s h i f t e d  p r o t o n  g y r o f r e q u e n c y .  It 

i s  a l s o  t h e  h i g h e s t  f r e q u e n c y  a t  which t h e  l e v e l  o f  i n t e r -  

p l a n e t a r y  f i e l d  f l u c t u a t i o n s  n e a r  0 . 4  A U  i s  l i k e l y  t o  exceed  

t h e  n o i s e  l e v e l  o f  t h e  magne tome te r  s y s t e m .  

4 .  On-board Data  P r o c e s s i n g .  In  d e c i d i n g  how t o  

o b t a i n  d a t a  on t h e  f i e l d  v a r i a t i o n s  o v e r  t h e  bandwid th  f r o m  

0  t o  1 0  Hz, one  must c h o o s e  between a  low b i t  r a t e  e x p e r i m e n t  

which i n c l u d e s  c i r c u i t r y  c a p a b l e  o f  p e r f o r m i n g  on -boa rd  compu- 

t a t i o n s  o f  s p e c t r a l  p r o p e r t i e s  and  a  h i g h  b i t  r a t e  e x p e r i m e n t  

i n  which t h e s e  c o m p u t a t i o n s  a r e  u n n e c e s s a r y .  W i t h  a  4 0 - b p s  

d a t a  r a t e ,  t h e  v e c t o r  f i e l d  c o u l d  be sampled  a t  a  r a t e  h i g h  

enough t o  accommodate f l u c t u a t i o n s  i n  t h e  band 0 t o  0 . 5  Hz.  

The p r o p e r t i e s  o f  t h e  s p e c t r u m  between 0 . 5  and 10  Hz c o u l d  



t hen  be measured wi th  equipment  on board and t h e  r e s u l t s ,  p r o b -  

a b l y ,  a v e r a g e s  o v e r  r e l a t i v e l y  long  i n t e r v a l s ,  cou ld  b e  

t e l e m e t e r e d  by us ing  o n l y  a  smal l  f r a c t i o n  of  t h e  d a t a  r a k e  

a v a i l a b l e  f o r  t h e  magnetometer expe r imen t .  For a  1  kbps 

expe r imen t  t h e  d a t a  r a t e  would be high enough t o  accommodate 

v e c t o r  f i e l d  measurements w i t h  a  bandwidth 0  t o  10 Hz. The 

l a t t e r  sys t em,  i n  which t h e  waveforms of  t h e  t h r e e  v e c t o r  

components a r e  t r a n s m i t t e d  d i r e c t l y  t o  t h e  e a r t h ,  i s  t h e  

b e s t  approach  t o  a  minimum exper imen t .  The high d a t a  r a t e  

p r o v i d e s  t h e  i n f o r m a t i o n  i n  i t s  most u s e f u l  form because  

once t h e  d a t a  have been r e c e i v e d  t h e y  can be p rocessed  us ing  

t h e  most s o p h i s t i c a t e d  computa t iona l  t e c h n i q u e s  a v a i l a b l e .  

In recommending a  minimum magnetometer e x p e r i m e n t ,  t h e  

team has c o n s i d e r e d  c o s t  t r a d e o f f s  between s o p h i s t i c a t e d  on- 

board s i g n a l  p r o c e s s i n g  and t h e  s i m p l i f i e d  1  kbps exper iment  

wi th  more e x t e n s i v e  ground h a n d l i n g .  The h i g h e r  d a t a  r a t e  

r e s u l t s  i n  t h e  a c q u i s i t i o n  of  more, high q u a l i t y  s c i e n t i f i c  

d a t a .  Our c o n c l u s i o n  t h a t  t h e  high r a t e  expe r imen t  i s  t h e  

l e a s t  e x p e n s i v e  i s  based on a  comparison of  t h e  c o s t  e s t i m a t e  

f o r  i n c o r p o r a t i n g  i n t o  t h e  expe r imen t  12 spec t rum a n a l y z e r s  

( 4  p e r  a x i s )  and a  waveform c a p t u r e  memory and t h e  c o s t  

e s t i m a t e  f o r  t h e  a c q u i s i t i o n  of a d d i t i o n a l  d i g i t a l  d a t a  t a p e s ,  

In t h e  o p i n i o n  of t h e  team, t h e  s i m p l i f i e d  1  kbps magnetometer 

expe r imen t  p r o v i d e s  t h e  most s c i e n c e  f o r  t h e  d o l l a r .  Almost  

a l l  t h e  c o s t  of  t h e  h i g h e r  b i t  r a t e  d a t a  i s  s h i f t e d  t o  t h e  



a c q u i s i t i o n  and ground d a t a  h a n d l i n g .  However, we made n o  

a t t e m p t  t o  e s t i m a t e  t h e s e  c o s t s ,  which w i l l  n o t  a f f e c t  t h e  

budget  u n t i l  1973. 

5.  Sensor  F l i p p e r .  The team gave s e r i o u s  c o n s i d e r a t i o n  

t o  i n c l u d i n g  a  s e n s o r  f l i p p e r  i n  o r d e r  t o  e l i m i n a t e  any u n -  

c e r t a i n t y  i n  t h e  z e r o  l e v e l s  of t h e  magnetometer s e n s o r s ,  H o w -  

e v e r ,  on t h e  b a s i s  of p r e - f l i g h t  t e s t s  and i n - f l i g h t  performance 

of  t h e  f l u x g a t e  magnetometers flown on E x p l o r e r s  33 and 35 ,  

i t  was concluded t h a t  t h e  long- te rm s t a b i l i t y  of such magne- -  

t o m e t e r s  i s  a d e q u a t e  t o  accommodate t h e  s c i e n t i f i c  o b j e c t i v e s  

of  t h e  miss ion  w i t h o u t  a  f l i p p e r .  The i n - f l i g h t  performance 

of t h e  two s e n s o r s  t r a n s v e r s e  t o  t h e  s p i n  a x i s  of  E x p l o r e r  35 

e x h i b i t e d  z e r o  l e v e l  d r i f t s  from - . 4  t o  t . 6  gamma and --I . 2  $0 

0.0 gamma d u r i n g  t h e  f i r s t  y e a r  of  o p e r a t i o n .  For 

Exp lo re r  33 t h e  d r i f t s  were from + . 4  t o  - . 4  gamma and from 

- . 6  t o  +1 .5  gamma d u r i n g  t h e  f i r s t  y e a r .  

Other  f a c t o r s  c o n s i d e r e d  i n  a r r i v i n g  a t  t h i s  con- 

c l u s i o n  a r e  e s s e n t i a l l y  t h e  same a s  t h o s e  which l e d  us t o  

r e l a x  t h e  s p e c i f i c a t i o n s  on t h e  magnet ic  f i e l d  from t h e  

s p a c e c r a f t  hardware ,  namely: s t r o n g e r  i n t e r p l a n e t a r y  f i e l d s  

between t h e  e a r t h  and Mercury, t h e  planned r o l l s  of t h e  s p a c e -  

c r a f t  d u r i n g  s e v e r a l  i n t e r v a l s  i n  t h e  f l i g h t ,  and t h e  Lech- 

n iques  f o r  us ing  n a t u r a l l y  o c c u r r i n g  f i e l d  r o t a t i o n s  f o r  

measuring t h e  e r r o r  f i e l d  c o n s i s t i n g  of t h e  s p a c e c r a f t  f i e l d  

and e r r o r s  i n  t h e  magnetometer z e r o  l e v e l s .  
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C .  D e s c r i p t i o n  of Minimal I n s t r u m e n t  

A minimum exper imen t  i s  one t h a t  i s  b u i l t  from e x i s t i n g  

d e s i g n s  of  proven f l i g h t  q u a l i t y  and which i n c l u d e s  on ly  t h o s e  

c i r c u i t s  n e c e s s a r y  t o  s a t i s f y  t h e  p r i n c i p a l  s c i e n t i f i c  o b -  

j e c t i v e s  of  t h e  m i s s i o n .  Throughout t h i s  s t u d y ,  t h e  program 

o f f i c e  p l aced  c o n s i d e r a b l e  emphasis  on choos ing  a payload 

c o n s i s t i n g  of  minimum i n s t r u m e n t s .  Thus, i n  a c t u a l i t y ,  t h e  t a s k  

a s s i g n e d  t o  each exper imen t  team was t o  recommend t h e  b e s t  e x -  

per imen t  t h a t  could  be o b t a i n e d  under  t h e  s p e c i f i e d  budge t .  

In t h e  c a s e  of t h e  magnetometer e x p e r i m e n t ,  t h e  team 

c o n s i d e r s  t h a t  a  v a l u a b l e  expe r imen t  can be performed w i t h  

t h e  minimal i n s t r u m e n t  provided  t h a t  t h e  r e q u i r e m e n t s  d i s c u s s e d  

below a r e  f u l f i l l e d .  

1 .  A 1000 bps d a t a  r a t e  i s  a v a i l a b l e  t o  t h e  magnetometer 

exper iment  f o r  most of t h e  miss ion  and e s p e c i a l l y  

d u r i n g  both e n c o u n t e r s .  A 1  kbps magnetometer d a t a  

r a t e  makes p o s s i b l e  an ex t r emely  s imple  exper iment  

c o n s i s t i n g  o n l y  of t h o s e  e l emen t s  common t o  any 

t r i a x i a l  f l u x g a t e  i n s t r u m e n t .  The D C  t o  10 Hz t r i -  

a x i a l  waveforms would no t  be spec t rum ana lyzed  on 

t h e  s p a c e c r a f t ,  b u t  r a t h e r  t r a n s m i t t e d  t o  e a r t h  f o r  

l a b o r a t o r y  a n a l y s i s .  However, t h i s  s imple  exper iment  

w i l l  on ly  be p o s s i b l e  i f  t h e  1  kbps d a t a  r a t e  i s  made  

a v a i l a b l e  a t  both p l a n e t a r y  e n c o u n t e r s .  The 1 i m i t e d  

c a p a c i t y  f o r  s p a c e c r a f t  d a t a  s t o r a g e  d u r i n g  e a r t h  
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o c c u l t a t i o n  may p r e c l u d e  t h i s  p o s s i b i l i t y ,  i n  w h i c h  

c a s e  e i t h e r  a  l i m i t e d  amount of  on-board  spec t rum 

a n a l y s i s  c a p a b i l i t y  would be r e q u i r e d  i n  t h e  e x p e r i -  

ment o r  t h e  broadband D C  t o  10 Hz waveforms would 

be e l i m i n a t e d  i n  f a v o r  of D C  t o  1  Hz waveforms d u r i n g  

t h e  d a t a  s t o r a g e  p e r i o d .  In e i t h e r  c a s e ,  t h e  a m o u n t  

o f  a d d i t i o n a l  s i g n a l  p r o c e s s i n g  f i l t e r s  need n o t  be 

very  g r e a t ,  p a r t i c u l a r l y  f o r  a  f a v o r a b l e  p l a n e t a r y  

e n c o u n t e r  t r a j e c t o r y .  For example,  t h e  g = 2 1 ° ,  

1000 km p e r i a p s i s  a l t i t u d e  t r a j e c t o r y  f o r  March 3 0 ,  

1974 Mercury e n c o u n t e r  would a l l o w  t h e  s p a c e c r a f t  

t o  pass  through t h e  o p t i c a l  shadow of  t h e  p l a n e t  

p r i o r  t o  e a r t h  o c c u l t a t i o n .  Many, i f  n o t  most ,  o f  

t h e  magnetometer e x p e r i m e n t ' s  p r i n c i p a l  s c i e n t i f i c  

o b j e c t i v e s  cou ld  be s a t i s f i e d  us ing  1  kbps r e a l - t i m e  

d a t a  th roughou t  t h i s  r e g i o n .  However, t h e  i m p o r t a n t  

outbound shock f r o n t  c r o s s i n g  may o c c u r  d u r i n g  t h e  1 5  

minute  e a r t h  o c c u l t a t i o n .  In t h i s  c a s e ,  a  magnetometer 

d a t a  r a t e  of 100 bps ,  which i s  perhaps  more c o n s i s t e n t  

wi th  t h e  s p a c e c r a f t  d a t a  s t o r a g e  c a p a b i l i t y ,  s h o u l d  

p rov ide  t h e  e s s e n t i a l  s c i e n t i f i c  i n f o r m a t i o n  w h i l e  

n e c e s s i t a t i n g  a s  few a s  t h r e e  a d d i t i o n a l  f i l t e r s .  

The magnetometer s e n s o r  i s  boom mounted a t  a  d i s t a n c e  

t h a t  w i l l  keep t h e  t o t a l  change i n  s p a c e c r a f t  magnet ic  

f i e l d  w i t h i n  a c c e p t a b l e  l i m i t s  ( s e e  S e c t i o n  V ) .  T h e  
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p r e s e n c e  of l a r g e ,  v a r i a b l e  s p a c e c r a f t  magnet ic  f i e l d s  

c a u s e s  d a t a  p r o c e s s i n g  c o s t s  t o  s o a r  w h i l e  d i m i n i s h i n g  

t h e  amount of  u s e f u l  s c i e n t i f i c  i n f o r m a t i o n .  A 

compromise i s  p o s s i b l e  between t h e  c o s t s  of  imposing 

r i g i d  magnet ic  c o n s t r a i n t s  on t h e  s p a c e c r a f t  h~ardware 

and t h o s e  a s s o c i a t e d  wi th  a  long  boom. In t h e  c a s e  

o f  M V M  7 3 ,  many subsys tems have a l r e a d y  been dlesigned 

w i t h o u t  r e g a r d  t o  t h e i r  magnet ic  p r o p e r t i e s .  Con-  

s e q u e n t l y ,  t h e  long  exper imen t  boom becomes an1 a t t r a c -  

t i v e  p r a c t i c a l  a l t e r n a t i v e .  I t  i s  n o t  customary to 

c o n s i d e r  t h e  boom a s  p a r t  of t h e  e x p e r i m e n t ,  b1u-t r a t h e r  

a s  p a r t  of t h e  s p a c e c r a f t .  The magnetometer team 

c o n s i d e r s  magnet ic  c o n t a m i n a t i o n  t o  be a  s p a c e c r a f t .  

i n t e r f e r e n c e  problem which shou ld  be r e s o l v e d  i n  a 

manner s i m i l a r  t o  o t h e r  i n c o m p a t i b i l i t i e s  between 

exper imen t s  and t h e  s p a c e c r a f t  ( e . g . ,  EMI, op t . i ca l  

v i e w i n g ) .  

With an i s 0 1  a t i n g  boom a v a i l a b l e ,  a  magnetometer system 

which i s  s u i t a b l e  f o r  t h e  M V M  73 miss ion  shou ld  c o n s i s t  o f  a 

boom mounted s e n s o r  u n i t  and a  body mounted e l e c t r o n i c s  

assembly .  The s e n s o r  u n i t  must be c a p a b l e  of  d r i v i n g  s i g n a l s  

down t h e  long boom c a b l e  t o  t h e  e l e c t r o n i c s  assembly w i t h o u t  

a p p r e c i a b l e  d e g r a d a t i o n .  The recommended bandwidth f o r  t h e  

i n s t r u m e n t  i s  0  t o  10 Hz.  The e l e c t r o n i c s  u n i t  must i n c l u d e  

a d d i t i o n a l  low pass  f i l t e r s  t o  r educe  t h e  pass  band, a s  r e q u i r e d ,  

t o  compensate f o r  any r e d u c t i o n  i n  t h e  sampl ing  r a t e  below t h a t  

c o n s i s t e n t  w i th  t h e  0  t o  10 Hz pass  band. 
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D. E f f e c t s  of Midcourse Motor Exhaust  

The boom p r e s e n t l y  planned f o r  t h e  magnetometer s e n s o r  

w i l l  p l a c e  t h e  s e n s o r  d i r e c t l y  i n  t h e  e x h a u s t  cone of  t h e  

midcourse  motor ,  a s  shown i n  F igure  1 . 1 .  The e f f e c t s  o f  t h i s  

e x h a u s t  on t h e  t e m p e r a t u r e  of  t h e  s e n s o r  and t h e  thermal  

p r o p e r t i e s  of  t h e  s u r f a c e  of  t h e  s e n s o r  u n i t  have n o t  y e t  b e e n  

a c c u r a t e l y  a s s e s s e d .  However, t h e  f o l l o w i n g  m a t e r i a l  h a s  been  

i n c l u d e d  t o  a l e r t  p o t e n t i a l  e x p e r i m e n t e r s  t o  t h e  problem and 

t o  p r o v i d e  t h e  i n f o r m a t i o n  p e r t a i n i n g  t o  t h e  problem t h a t  i s  

a v a i l a b l e  t o  t h e  team. 

The midcourse  r o c k e t  motor f i r e s  outward a l o n g  t h e  mag-  

ne tomete r  boom toward t h e  f l u x g a t e  s e n s o r .  For t h e  p r e s e n t  

a t  l e a s t ,  i t  i s  t h e  b a s e l i n e  c o n f i g u r a t i o n .  I t  may wel l  become 

t h e  f i n a l  c o n f i g u r a t i o n  because  t h e  n a v i g a t i o n a l  a s p e c t s  o f  

t h e  mis s ion  a r e  s i m p l i f i e d  when t h e  t h r u s t  v e c t o r  i s  d i r e c t e d  

a l o n g  one of t h e  p r i n c i p a l  axes  of  i n e r t i a .  The plume o f  t h e  

e x h a u s t  w i l l  ex tend  wel l  beyond t h e  end of t h e  boom. T o  a i d  

i n  t h e  c a l c u l a t i o n  of t h e  thermal  i n s u l a t i o n  r e q u i r e d  a t  t h e  

s e n s o r ,  we have i n c l u d e d  d a t a  on t h e  plume h e a t  p e r  u n i t  a r e a  

p e r  u n i t  t i m e ,  both a l o n g  t h e  a x i s  of a  c y l i n d r i c a l l y  symmetr ic  

plume and a l s o  a t  p o i n t s  o f f  a x i s ,  F i g u r e  111.1 .  More s p e c i f -  

i c a l l y ,  F igure  111.1 [ S o l a ,  19701 i s  a  graph d e p i c t i n g  a 

c a l c u l a t e d  e x h a u s t  plume p r o f i l e  f o r  an i d e a l i z e d  ( i  . e . ,  n o  

j e t  vane o r  s u p p o r t  r i n g  i n t e r a c t i o n )  c a s e  us ing  t h e  50 I b f  

MM'69 monoprope l l an t  e n g i n e .  Lines of  c o n s t a n t  Mach number, M, 





and h e a t  f l u x ,  q ,  a r e  shown a s  f u n c t i o n s  of r a d i a l  and axial 

d i s t a n c e s .  Axial d i s t a n c e ,  X ,  i s  measured from t h e  n o z z l e  

e x i t  p l a n e  and r a d i a l  d i s t a n c e ,  Y ,  from t h e  n o z z l e  c e n t e r l i n e ,  

The h e a t  f l u x  v a l u e s  a r e  c o n s e r v a t i v e  s i n c e  t h e y  a r e  

based on comple te  r ecovery  of  t h e  ene rgy  i n  t h e  e x h a u s t  s t r eam.  

The e f f e c t  of t h e  j e t  vanes i n  d e f l e c t i n g  t h e  plume i s  com- 

p l e x  and unknown a t  t h i s  t i m e .  

The b a s e l i n e  s p a c e c r a f t  has t h e  f l u x g a t e  s e n s o r  1 2  f e e t  

o u t  from t h e  e x h a u s t  n o z z l e  and e s s e n t i a l l y  on t h e  plume a x i s ,  

The graph shows t h a t  t h i s  a r rangement  w i l l  r e s u l t  i n  0 .04  t o  

0 .05  b t u / i n 2 - s e c  a t  t h e  magnetometer s e n s o r .  Th i s  becomes 4 

t o  5  b t u  p e r  s q u a r e  inch  a f t e r  t h e  l o n g e s t  p o s s i b l e  M V M  7 3  

motor b u r n  (90  s e c o n d s ) .  In d e s i g n i n g  t h e  s e n s o r  thermal  

b l a n k e t  an e x p e r i m e n t e r  shou ld  keep i n  mind t h a t  t h e  sub-  

sys tem t e s t  r e q u i r e m e n t s  on t h i s  p r o j e c t  w i l l  s p e c i f y  t h a t  

t h e  e x p e r i m e n t e r  perform h i s  own t e m p e r a t u r e  t e s t i n g .  3 P E  

w i l l  n o t  do any subsys tem thermal  t e s t i n g  on e x p e r i m e n t s ,  

Thus,  t h e  e x p e r i m e n t e r  must q u a l i f y  t h e  magnetometer s e n s o r  

a t  a  t e m p e r a t u r e  20°C h i g h e r  than  t h e  h i g h e s t  o p e r a t i n g  temper-  

a t u r e  he c a l c u l a t e s  a s  a  r e s u l t  of h i s  thermal  d e s i g n .  T h e  

p r o j e c t  has no s p e c i f i c  t e s t  t e m p e r a t u r e ,  b u t  of c o u r s e  t h e  

magnetometer s e n s o r  thermal  b l a n k e t  must be des igned  t o  a t  

l e a s t  accommodate t h e  con t inuous  140 mil 1  iwat t /cm2 (0 .00086 

b t u / i n 2  s e c )  s o l a r  r a d i a t i o n  a t  1  A U  and about  6-1 /2  t imes  

t h a t  amount (0 .0056 b t u / i n 2  s e c )  a t  0 .39 A U .  By comparing 
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t h e s e  numbers wi th  t h e  r o c k e t  e x h a u s t  g r a p h ,  one s e e s  t h a t  t h e  

r a t e  of h e a t  f low pe r  u n i t  a r e a  a t  1 2  f e e t  back from t h e  r o c k e t  

n o z z l e  w i l l  be abou t  seven t o  n i n e  t imes  t h e  amount due t o  t h e  

s o l a r  i n t e n s i t y  a t  0 .39  A U .  About 1 0 %  of t h e  i n c i d e n t  energy  i s  

l i k e l y  t o  be d e p o s i t e d  a s  h e a t  i n  t h e  s e n s o r  u n i t .  A system 

of c o n i c a l  s h i e l d s  mounted a t  v a r i o u s  p o s i t i o n s  a long  t h e  boom 

and c o a x i a l  w i th  i t  might  s h i e l d  t h e  s e n s o r  s i g n i f i c a n t l y ,  

There may be f o u r ,  p o s s i b l y  f i v e ,  motor burns on t h i s  

mis s ion  s i n c e  i t  i s  e n t i r e l y  p o s s i b l e  t h a t  t h e  s p a c e c r a f t  may 

e n c o u n t e r  Mercury a  second t ime--176 days a f t e r  t h e  f i r s t  

e n c o u n t e r .  The p r o j e c t  now c o n s i d e r s  t h e  second e n c o u n t e r  

f e a s i b l e ,  i n  which c a s e  one o r  two of t h e  burns would t a k e  p l a c e  

nea r  0 . 4  A U .  The s p a c e c r a f t  i s  always r e o r i e n t e d  d u r i n g  t h e s e  

maneuvers b u t  t h e  magnetometer s e n s o r  w i l l  p robab ly  s t i  1 l be 

exposed t o  t h e  sun d u r i n g  t h e  motor b u r n .  T h e r e f o r e ,  t h e  

combinat ion  of a  high s o l a r  i n t e n s i t y  and a  long motor burn a r e  

l  i  ke ly  t o  occur  simul t a n e o u s l y .  

A t  t h e  o t h e r  ex t r eme ,  we a r e  t o l d  t h a t  t h e  s u r f a c e  temper- 

a t u r e  of a  one h a l f  p o u n d  magnetometer s e n s o r  package c a n  be 

expec ted  t o  d e c r e a s e  by 1 5 0 ° F  a s  t h e  s p a c e c r a f t  e x p e r i e n c e s  a n  

e i g h t  minute s o l a r  o c c u l t a t i o n  a t  Mercury. This  e s t i m a t e  a s s u m e s  

a  s u r f a c e  e m i s s i v i t y  of 0 . 8 .  I f  an a l t e r n a t e  Mercury e n c o u n t e r  

t r a j e c t o r y  i s  c h o s e n ,  t h a t  i s ,  one which does no t  i n v o l v e  s o l a r  

o c c u l t a t i o n ,  then  p l a n e t a r y  a1 bedo may become an i m p o r t a n t  

c o n s i d e r a t i o n  i n  thermal  d e s i g n .  

Within t h e  main body of t h e  s p a c e c r a f t ,  t h e  p r o j e c t  

a n t i c i p a t e s  t h a t  e x p e r i m e n t e r s  w i l l  q u a l i f y  t h e i r  f l i g h t w o r t h y  
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p r o t o t y p e  u n i t s  a t  75°C and  a c c e p t a n c e  t e s t  t h e  f l i g h t  u n i t s  

a t  55OC-- the  h i g h e s t  e x p e c t e d  o p e r a t i n g  t e m p e r a t u r e .  T h e  

n o m i n a l  t e m p e r a t u r e  w i t h i n  t h e  s p a c e c r a f t  bus  i s  e x p e c t e d  t o  

b e  i n  t h e  10°C t o  32°C r a n g e .  
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E.  Summary D e s c r i p t i o n  o f  M i n i m a l  M a g n e t o m e t e r  S y s t e m  

M a g n e t o m e t e r  

Type :  

S e n s o r s :  

Dynamic  Ranges ( y ) :  

C o r r e s p o n d i n g  Sen-  
s i  t i v i  t i e s  ( y / b i  t ) :  

O u t p u t  B a n d w i d t h :  

T h r e e - a x i s  f l  u x g a t e  

Examp le :  l o w - n o i s e ,  s t a b l e  
perm, NOL3 r i n g  c o r e s  u s e d  by 
NASA ARC. 

t 1 0 0 ,  t 3 0 0 ,  t 1 0 0 0 ,  t 50010 ,  
s e l e c t e d  a u t o m a t i c a l  l y  

0 .3 ,  0 . 6 ,  3 .0 ,  10 .0 ,  u s i n g  
1 0 - b i t  A / D  c o n v e r s i o n  

0 - 1 0  H z ( b e f o r e  d a t a  p r o c e s s i n g )  

D a t a  P r o c e s s o r  

H i g h - F r e q u e n c y  Wave fo rm 

B a n d w i d t h  o f  O u t p u t  F i l t e r s :  0 - 1 0 . 0  Hz 

O u t p u t  D a t a  : B 1 0  b i t s  
B~ 1 0  
B 1 0  
s 6 n s i t i v i t y  S t a t e  2  

T o t a l  D a t a :  32 b i t s  p e r  v e c t o r - f i e l d  s a m p l e  

R e a d o u t  R a t e :  25 p e r  s e c o n d  a t  1 0 0 0  b i t / s e c  
m a g n e t o m e t e r  r e a d o u t  r a t e  

L o w - F r e q u e n c ~  Waveform ( I f  r e q u i r e d  d u r i n g  e a r t h  o c c u l t a t i o n )  

B a n d w i d t h  o f  O u t p u t  F i l t e r s :  0 - 0 . 5  Hz 

O u t p u t  D a t a :  Same as  HF w a v e f o r m  

T o t a l  D a t a :  32  b i t s  p e r  v e c t o r - f i e l d  sample  

R e a d o u t  R a t e :  1  p e r  s e c  a t  4 0 - b i t / s e c  
m a g n e t o m e t e r  d a t a  r a t e  



Subcommutated Data ( S p a c e c r a f t  Subcommuta to r )  

T e m p e r a t u r e s ,  s e l e c t e d  i n s t r u m e n t  p a r a m e t e r s ,  
i n s t r u m e n t  s t a t u s  

Power Consumption 

Magnetometer :  4 . 0  w ,  e x e l u s i v e  o f  power 
f o r  t e m p e r a t u r e  c o n t r o l  

Weight 

Magne tomete r  E l e c t r o n i c s :  3 . 0  I b s .  
S e n s o r :  - 1  . O  

T o t a l  4 . 0  I b s .  

Vol ume 

Magnetometer  E l e c t r o n i c s :  180 i n 3  
S e n s o r  2 7 

T o t a l  207 i n J  ( a s s u m i n g  A t o  D conver s ion  
by s p a c e c r a f t  F D S )  

T e m p e r a t u r e  Limi t s  ( O p e r a t i  ng)** 

E l e c t r o n i c s :  
S e n s o r :  

Changes i n  Data  Ra t e  

To accommodate changes  i n  t h e  d a t a  r a t e  i n  f l i g h t ,  t h e  
f i l t e r s  on t h e  o u t p u t s  w i l l  be changed  a u t o m a t i c a l l y .  

S p a c e c r a f t  F i e l d s  a t  Magnetometer  S e n s o r * ( D e s i r e d )  

Permanent  and D C :  < I 0  y 

F l u c t u a t i n g :  < 0 . 1  y rms (0 -10  Hz) 

*See S e c t i o n  V .  

**See P a r t  D o f  t h i s  s e c t i o n .  



IV. MISSION REQUIREMENTS O F  THE EXPERIMENT 

A .  T r a j e c t o r y  

The S c i e n c e  S t e e r i n g  Group concluded t h a t  a  t r a j e c t o r y  

t h a t  i n c l u d e s  b o t h  sun and e a r t h  o c c u l t a t i o n  a t  Mercury i s  

s c i e n t i f i c a l l y  t h e  most d e s i r a b l e  of t h o s e  of  t h e  p o s s i b l e  

t r a j e c t o r i e s  f o r  t h e  Venus-Mercury m i s s i o n .  The group recog-  

n ized  t h e  f a c t  t h a t  t h i s  t r a j e c t o r y  imposes a  s e r i o u s  l l imi ta -  

t i o n  upon t h e  imaging e x p e r i m e n t .  However, i f  t h e  budget  p e r -  

m i t s ,  t h i s  l i m i t a t i o n  may be compensated f o r  by t h e  imaging 

i n s t r u m e n t a t i o n .  

The f o l l o w i n g  arguments  l e d  t h e  magnetometer team t o  t h e  

c o n c l u s i o n  t h a t  t h e  dual  o c c u l t a t i o n  t r a j e c t o r y  was t h e  b e s t  

of t h o s e  a v a i l a b l e ,  a t  l e a s t  i n s o f a r  a s  t h e  magnet ic  f i e l d  

measurements a r e  conce rned .  

A f l y b y  magnetometer expe r imen t  can b e s t  de te rmine  t h e  

e l e c t r i c a l  and magnet ic  p r o p e r t i e s  of a  p l a n e t  by making 

measurements i n  t h e  wake c a v i t y  which i s  c r e a t e d  a s  t h e  

s t r e a m i n g  s o l a r  wind i n t e r a c t s  w i t h  t h e  p l a n e t a r y  body, T h e  

i n t e r a c t i o n s  a r e  complex and ex tend  f a r  back i n t o  s p a c e .  Fo r  

t h e  r a p i d  f l y b y  a n t i c i p a t e d  a t  Mercury, a  s o l a r  o c c u l t a t i o n  

t r a j e c t o r y  through t h e  wake c a v i t y  w i l l  e n a b l e  a  high r a t e  

magnetometer expe r imen t  t o  o b t a i n  an ample number of samples  

i n  t h e  i n t e r a c t i n g  r e g i o n s .  With t h e s e  samples ,  p l u s  a 

knowledge of t h e  s o l a r  wind p r o p e r t i e s  o b t a i n e d  d u r i n g  t h e  

c r u i s e  phase of t h e  m i s s i o n ,  t h e  magnetometer exper iment  t eam 



can i d e n t i f y  t h e  t y p e  of i n t e r a c t i o n  t a k i n g  p l a c e  a t  Mercury 

and i n f e r  some of t h e  p h y s i c a l  p r o p e r t i e s  of  t h e  p l a n e t .  The 

team t h e r e f o r e  f a v o r s  a  March 3 0 ,  1974,  a r r i v a l  a t  Mercury 

w i t h  a  B p l a n e  a n g l e  of  0 = 2 1 "  and a  p e r i a p s i s  a l t i t u d e  

of 1000 k m .  

Th i s  t r a j e c t o r y  a l s o  p r o v i d e s  an e a r t h  o c c u l t a t i o n  s h o r t l y  

a f t e r  t h e  end of sun o c c u l t a t i o n .  The e a r t h  o c c u l t a t i o n  i s  o f  

no v a l u e  t o  t h e  magnetometer expe r imen t ;  i n  f a c t ,  i t  c r e a t e s  

t h e  n e c e s s i t y  f o r  s t o r i n g  d a t a  w h i l e  t h e  s p a c e c r a f t  i s  o u t  o f  

s i g h t  of e a r t h .  N e v e r t h e l e s s ,  t h e  team e n d o r s e s  t h i s  t r a -  

j e c t o r y  a s  a  compromise wi th  t h e  r e q u i r e m e n t s  of  t h e  s p a c e c r a f t  

r a d i o  s c i e n c e  e x p e r i m e n t .  

In some models of t h e  s o l a r  wind-Mercury i n t e r a c t i o n ,  

a l t e r n a t e  t r a j e c t o r i e s  which do no t  i n v o l v e  s o l a r  o c c u l t a t i o n  

do p e n e t r a t e  t h e  ou te rmos t  r e g i o n s  of t h e  wake c a v i t y .  H o w -  

e v e r ,  i n  o t h e r  models t h e y  do n o t .  Other  t h i n g s  be ing  e q u a l ,  

t h e  c l o s e r  t h e  t r a j e c t o r y  approaches  t h e  sun o c c u l t a t i o n  

r e g i o n ,  t h e  b e t t e r  a r e  t h e  magnet ic  f i e l d  measurements .  The 

c l o s e s t  approach t o  t h e  sun o c c u l t a t i o n  r e g i o n  shou ld  be a s  

c l o s e  t o  t h e  p l a n e t  a s  p o s s i b l e .  

In g e n e r a l ,  t h i s  c r i t e r i o n  a p p l i e s  t o  t h e  Venus f l y b y ,  

a l s o .  However, f o r  a  g iven  a r r i v a l  a t  Mercury, t h e  Venus 

f l y b y  t r a j e c t o r y  i s  p r i m a r i l y  de te rmined  by t h e  e a r t h  launch 

d a t e  chosen .  Further ,  of a1 1 t h e  near-Venus t r a j e c t o r i e s  

which a r e  p o s s i b l e  f o r  t h i s  g r a v i  t y - a s s i s t e d  miss ion  t o  Mercury,  



none w i l l  i n v o l v e  s o l a r  o c c u l t a t i o n  a t  Venus. C o n s e q u e n t l y ,  

t h e  magne tomete r  team f a v o r s  a  Venus p a s s  w i t h  a  low p e r i a p s i s  

a l t i t u d e  and which p e n e t r a t e s  a t  l e a s t  t o  t h e  o u t e r  r e g i o n s  

o f  t h e  p l a n e t ' s  wake c a v i t y .  T h i s  t y p e  o f  Venus e n c o u n t e r  

t r a j e c t o r y  r e s u l t s  f rom c h o o s i n g  a  l a t e  l a u n c h  d a t e ,  

s a y  i n  November 1973 .  A November l a u n c h  d a t e  i s  f a v o r e d  by 

t h e  team b e c a u s e  i t  a l s o  opens  u p  t h e  p o s s i b i l i t y  o f  a  s econd  

e n c o u n t e r  o f  Mercury d u r i n g  t h e  f a l l  o f  1974 .  
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B .  Data Ra tes  and Data S t o r a g e  

A magnetometer expe r imen t  w i l l  r e q u i r e  d a t a  cove rage  f o r  

a  s u b s t a n t i a l  f r a c t i o n  of t h e  s i x  month m i s s i o n .  S i g n i f i c a n t  

i n f o r m a t i o n  a t  t h e  two p l a n e t a r y  e n c o u n t e r s  w i l l  be s u p p l e -  

mented by new d a t a  on t h e  unexplored  i n t e r p l a n e t a r y  r e g i o n  

between e a r t h  and Mercury. E f f e c t i v e  t e s t i n g  of  t h e o r e t i c a l  

models of t h e  s o l a r  wind i n  t h e  i n n e r  s o l a r  sys tem r e q u i r e s  

n e a r l y  con t inuous  measurements o f  f i e l d s  and low energy  p l a s m a  

p a r t i c l e s  d u r i n g  t h e  c r u i s e  phase of t h e  m i s s i o n .  S i n c e  t h e  

P i o n e e r  J u p i t e r  s p a c e c r a f t  wi 11 be s i m u l t a n e o u s l y  t r a v e l i n g  

o u t  toward J u p i t e r ,  t h e  comparison of  measurements of t h e  

i n t e r p l a n e t a r y  f i e l d  t aken  wi th  M V M  7 3  and P j o n e e r  J u p i t e r  

w i l l  p r o v i d e  e s s e n t i a l  d a t a  on t h e  p h y s i c s  of t h e  i n t e r -  

p l a n e t a r y  plasma. 

The magnetometer can e f f e c t i v e l y  u t i l i z e  1000 bps w h e n e v e r  

t h e  t o t a l  s p a c e c r a f t  d a t a  r a t e  i s  high enough t o  p r o v i d e  t h i s  

a1 l o t m e n t  f o r  t h e  expe r imen t .  I f  c i r c u m s t a n c e s  d i c t a t e  a 

lower d a t a  r a t e ,  s ay  100 bps ,  a t  v a r i o u s  i n t e r v a l s  d u r i n g  t h e  

f l i g h t ,  s w i t c h a b l e  f i l t e r s  can be i n c l u d e d  w i t h i n  t h e  e l e c t r o n i c s  

u n i t  t o  accommodate t h e  lower  r a t e .  The s a c r i f i c e  i n  s c i e n t i f i c  

i n f o r m a t i o n  w i l l  be a c c e p t a b l e  s o  long a s  high r a t e  d a t a  a r e  

a c q u i r e d  most of t h e  t i m e ,  i . e . ,  f o r  perhaps t w o - t h i r d s  o f  t h e  

c r u i s e  phase.  

One approach t h a t  i s  a t t r a c t i v e  because  of i t s  s i m p l i c i t y  

i s  t o  d e s i g n  t h e  expe r imen t  t o  o p e r a t e  a t  t h e  same d a t a  r a t e  

d u r i n g  t h e  l o w - r a t e  c r u i s e  mode and d u r i n g  t h e  d a t a  s t o r a g e  mode 
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when Mercury o c c u l t s  t h e  e a r t h .  We s u g g e s t  t h a t  t h e  p r o j e c t  

c o n s i d e r  s i z i n g  t h e  d a t a  s t o r a g e  t o  accommodate 15  minutes  o f  

s c i e n c e  d a t a  a t  t h e  l o w e s t  a n t i c i p a t e d  c r u i s e  t e l e m e t r y  r a t e .  

With t h i s  s i m p l i f i c a t i o n  i n  mind, t h e  magnetometer d a t a  r e -  

qu i remen t s  can be s t a t e d  a s  f o l l o w s :  

1 .  1000 bps d u r i n g  high r a t e  c r u i s e  mode and a t  t h e  

p l a n e t a r y  e n c o u n t e r s  e x c e p t  d u r i n g  e a r t h  o c c u l t a t i o n s  

2 .  100 t o  300 bps d u r i n g  low r a t e  c r u i s e  mode and d u r i n g  

e a r t h  o c c u l t a t i o n  d a t a  s t o r a g e  mode. 

The 100 bps r a t e  c o r r e s p o n d s  t o  90 K b i t s  o f  d a t a  d u r i n g  

a  15 minute o c c u l t a t i o n  which might  be accommodated by a 

q u a r t e r  m i l l i o n  b i t  s c i e n c e  d a t a  s t o r a g e  b u f f e r .  Higher  b i t  

r a t e s  would probably  r e q u i r e  t h a t  s c i e n c e  d a t a  be s t o r e d  on 

s p a c e c r a f t  t a p e  r e c o r d e r .  

The SSG made no a t t e m p t  t o  e s t a b l i s h  o r  recommend a 

s p e c i f i c  i n t e g r a t e d  o p e r a t i o n a l  p r o f i l e  f o r  t h e  pay1 oad .  The 

magnetometer team f e e l s  t h a t  a  p r e l i m i n a r y  o p e r a t i o n a l  p r o f i l e  

shou ld  have been recommended by t h e  SSG. Accord ing ly ,  we 

recommend t h a t  t h e  p r o j e c t  o f f i c e  g i v e  some c o n s i d e r a t i o n  t o  

deve lop ing  such a  p r o f i l e  a s  soon a s  p o s s i b l e .  



C .  I n t e r p l a n e t a r y  Rol l  Maneuvers 

The team recommends t h a t  t h e  m i s s i o n  o p e r a t i o n s  p l a n  i n -  

c l u d e  a t  l e a s t  two i n t e r p l a n e t a r y  r o l l  maneuvers ,  one  f o r  

e ach  e x t r e m e  i n  s o l a r  p a n e l  p o s i t i o n .  A d d i t i o n a l  r o l l  maneuvers ,  

e . g . ,  one  each  month,  would be v e r y  b e n e f i c i a l .  The pu rpose  o f  

t h e  s p a c e c r a f t  r o l l  maneuver i s  t o  s e p a r a t e ,  on a  s t a t i s t i c a l  

b a s i s ,  s p a c e c r a f t  c a u s e d  c o n t r i b u t i o n s  t o  t h e  magne tomete r  

r e a d i n g s  f rom t h o s e  o f  n a t u r a l  o r i g i n .  Each maneuver s h o u l d  

c o n s i s t  o f  a p p r o x i m a t e l y  50 s l ow  r o l l s  a b o u t  t h e  s p a c e c r a f t -  

sun l i n e  w i t h  a  r o l l  p e r i o d  o f  a p p r o x i m a t e l y  30 m i n u t e s  pe r  

r e v o l u t i o n .  



D. D a t a  on  Mode Changes 

Changes i n  t h e  mode o f  o p e r a t i o n  o f  t h e  s p a c e c r a f t  may 

c a u s e  s m a l l  changes  i n  t h e  m a g n e t i c  f i e l d  a t  t h e  s e n s o r  u n i t ,  

A c c o r d i n g l y ,  t h e  d a t a  t a p e s  p r e p a r e d  f o r  m a g n e t o m e t e r  e x p e r i -  

m e n t e r s  s h o u l d  c o n t a i n  t h e  s p e c i f i c s  o f  a n y  change  i n  t h e  mode 

o f  o p e r a t i o n ,  f o r  examp le ,  t h e  mode o f  o p e r a t i o n  p r i o r  t o  t h e  

change ,  t h e  mode o f  o p e r a t i o n  a f t e r  t h e  change ,  a n d  t h e  t i m e  

a t  w h i c h  t h e  mode change  o c c u r r e d .  

The t e r m  "mode" i s  u s e d  h e r e  t o  d e n o t e  an  o p e r a t i o n a l  

s t a t e  o f  t h e  s p a c e c r a f t .  W i t h  r e g a r d  t o  t h e  mag- 

n e t i c  f i e l d  measuremen ts ,  o n l y  t h o s e  changes  o f  s t a t e  w h i c h  

a r e  a c c o m p a n i e d  by  changes  i n  t h e  m a g n e t i c  f i e l d  f r o m  t h e  

s p a c e c r a f t  a r e  o f  i n t e r e s t .  However ,  s i n c e  t h e  v e r y  sma , l l  

changes  w i l l  b e  d i f f i c u l t  t o  measure  d u r i n g  p r e - f l i g h t  t e s t s ,  

i t  i s  d e s i r a b l e  t h a t  d a t a  on a n y  mode change  be i n c l u d e d  a s  

j u s t  o u t l i n e d .  



E .  Data on C u r r e n t s  and Mdvable Appara tus  - 

The d a t a  t a p e s  p rov ided  t o  t h e  magnetometer e x p e r i m e n t e r s  

s h o u l d  a l s o  i n c l u d e  d a t a  on t h e  s o l a r  panel c u r r e n t s  and t h e  

p o s i t i o n s  o f  any movable a p p a r a t u s  on t h e  s p a c e c r a f t .  I t  w o u l d  

be d e s i r a b l e  t o  t e l e m e t e r  t h e  s o l a r  panel c u r r e n t s  w i t h  a n  

a c c u r a c y  of  1 p e r  c e n t .  As a  m i n i m u m ,  t h e  c u r r e n t  measurements 

shou ld  be p rov ided  b e f o r e  and a f t e r  each mode change and once 

a  day o r  perhaps  once eve ry  few days d u r i n g  i n t e r v a l s  d u r i n g  

which no mode change o c c u r s .  A l t e r n a t i v e l y ,  t h e  c u r r e n t  c o u l d  

be measured p e r i o d i c a l l y ,  s a y  once a  day d u r i n g  c r u i s e  and more 

o f t e n  d u r i n g  e n c o u n t e r .  

The p o s i t i o n s  of  movable p a r t s  a r e  a l s o  i m p o r t a n t .  I t  

i s  p r e s e n t l y  planned t h a t  t h e  s o l a r  p a n e l s  and t h e  an tenna  

w i l l  change o r i e n t a t i o n  d u r i n g  t h e  f l i g h t .  These changes may 

be accompanied by smal l  changes i n  t h e  magnet ic  f i e l d  a t  t h e  

s e n s o r  u n i t .  Measurements of  changes i n  t h e  l o c a t i o n  ( p o s i t i o n )  

and o r i e n t a t i o n  of  t h e  movable p a r t s  w i l l  be p a r t i c u l a r l y  

i m p o r t a n t  i f  t h e y  o c c u r  d u r i n g  e i t h e r  e n c o u n t e r .  

I f  a  c h o i c e  i s  p o s s i b l e ,  i n c r e m e n t a l ,  r a t h e r  than  con- 

t i n u o u s ,  changes of  movable p a r t s  a r e  p r e f e r r e d .  For example,  

two o r  t h r e e  l a r g e  changes i n  t h e  o r i e n t a t i o n  of  t h e  s o l a r  

p a n e l s  d u r i n g  t h e  f l i g h t  a r e  p r e f e r a b l e  t o  a  c o n t i n u o u s  and 

g radua l  change i n  o r i e n t a t i o n .  



V .  MAGNETIC-FIELD INTERFERENCE SPECIFICATIONS 

A .  Background 

The team i s  c o n f i d e n t  t h a t  t h e  s p a c e c r a f t  magnet ic  

f i e l d s  a t  t h e  magnetometer s e n s o r  can be k e p t  low enough 

t o  s a t i s f y  t h e  r e q u i r e m e n t s  o f  t h e  s c i e n t i f i c  i n v e s t i g a t i o n .  

O u r  c o n f i d e n c e  i s  based on e x p e r i e n c e  w i t h  Mar iners  4 a n d  5 ,  

where t h e  permanent f i e l d s  were 30 and 10 y ,  r e s p e c t i v e l y ,  

a t  t h e  magnetometer s e n s o r s .  These f i e 1  ds were n e a r l y  c o n s t a n t  

t h r o u g h o u t  both f l i g h t s .  The f i e l d s  due t o  D C  e l e c t r i c a l  

c u r r e n t s  were smal l  and c o n s t a n t  and t h e  magnet ic  n o i s e  

due t o  v a r y i n g  c u r r e n t s  and moving p a r t s  was g e n e r a l l y  below 

t h e  magnetometer n o i s e  l e v e l .  Fur thermore ,  a  p rocedure  

t o  d e t e r m i n e  a c c u r a t e l y  a l l  t h r e e  components of  t h e  s p a c e -  

c r a f t  f i e l d  wi th  t h e  s p a c e c r a f t  comple te ly  s t a b i l i z e d  

[Davis -- e t  a l . ,  1 9 6 8 1  has now been deve loped .  This  t e c h n i q u e  

i n v o l v e s  t h e  use of  t h e  f r e q u e n t l y - o c c u r r i n g  r o t a t i o n s  i n  

t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d .  These jumps a r e  

a s s o c i a t e d  wi th  c o n t a c t  s u r f a c e s  t h a t  s e p a r a t e  r e g i o n s  o f  

d i s t i n c t l y  d i f f e r e n t  s o l a r  wind plasma.  A n  accumula t ion  o f  

a p p r o x i m a t e l y  one month ' s  i n t e r p l a n e t a r y  d a t a  s h o u l d  p r o v i d e  

a  v a l u e  of  t h e  s p a c e c r a f t  f i e l d  components and t h e  magn~etometer 

e r r o r  f i e l d  a c c u r a t e  t o  b e t t e r  t han  112 y .  

The same d i a g n o s t i c  p r o c e d u r e s ,  and t h e  p r e v e n t i v e  

and c o r r e c t i v e  measures used on p r e v i o u s  Mar iners  and ClGO's 

t o  reduce  t h e  s t r a y  f i e l d s  t o  t o l e r a b l e  l e v e l s ,  shou ld  
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p r o v e  e f f e c t i v e  on t h i s  m i s s i o n .  The t e c h n i q u e s  d e v e l o p e d  

t o  m e a s u r e  t h e  s p a c e c r a f t  m a g n e t i c  f i e l d s  b y  r o t a t i o n  a b o u t  

t w o  a x e s  i n  t h e  e a r t h ' s  f i e l d  c a n  b e  u s e d  t o  v e r i f y ,  p r i o r  

t o  l a u n c h ,  t h e  adequacy  o f  t h e  m a g n e t i c  c o n t r o l  p r o c e d u r e s .  

D e m a g n e t i z a t i o n  o f  t h e  s p a c e c r a f t  p r i o r  t o  l a u n c h  has  been  

u s e d  s u c c e s s f u l l y  on  s e v e r a l  m i s s i o n s  t o  r e d u c e  s t r a y  f i e l d s .  

I n  d i s c u s s i n g  t h e  a d v a n t a g e s  o f  a  m a g n e t o m e t e r  boom, 

a  d i s t i n c t i o n  m u s t  be  d rawn  b e t w e e n  t h e  a b s o l u t e  a c c u r a c y  

i m p o s e d  on t h e  m a g n e t o m e t e r  e x p e r i m e n t  b y  t h e  s c i e n t i f i c  o b -  

j e c t i v e s  o f  t h e  m i s s i o n  a n d  t h a t  w h i c h  c a n  b e  a t t a i n e d  i n  t h e  

p r e s e n c e  o f  a  s p a c e c r a f t - c a u s e d  m a g n e t i c  f i e l d .  I f  t h e  m a j o r  

i n t e r p l a n e t a r y  o b j e c t i v e s  o f  t h e  V e n u s - M e r c u r y  e x p e r i m e n t  a r e  

t o  b e  s a t i s f i e d ,  t h e  m a g n e t o m e t e r  e x p e r i m e n t  m u s t  a c h i e v e  an  

a b s o l u t e  a c c u r a c y  o f  somewhat b e t t e r  t h a n  1  y .  

M a g n e t o m e t e r  e x p e r i m e n t e r s  a r e  somet imes  a s k e d ,  "Wha t  i s  

t h e  l a r g e s t  s p a c e c r a f t - c a u s e d  m a g n e t i c  f i e l d  t h a t  c a n  b e  

t o l e r a t e d  b e f o r e  i t  becomes m e a n i n g l e s s  t o  f l y  t h e  e x p e r i m e n t ? "  

The q u e s t i o n  i s  u n a n s w e r a b l e  i n  a n y  p r e c i s e  s e n s e ,  p a r t i c u l a r l y  

i n  t h e  e a r l y  p l a n n i n g  s t a g e s  o f  a  m i s s i o n  b e c a u s e  f i e l d  

s t a b i l i t y  r a t h e r  t h a n  f i e l d  m a g n i t u d e  i s  t h e  i m p o r t a n t  p a r a m -  

e t e r .  However ,  i n  an a t t e m p t  t o  a d d r e s s  t h e m s e l v e s  t o  t h e  

l e g i t i m a t e  i n t e n t  b e h i n d  s u c h  a  q u e s t i o n ,  t h e  e x p e r i m e n t  team 

c o n s i d e r s  a  1 0  y f i e l d  t o  b e  t h e  l a r g e s t  t h a t  c a n  b e  t o l e r a t e d  

w i t h  a  - r e a s o n a b l e  c h a n c e  o f  m e e t i n g  t h e  s c i e n t i f i c  o b j e c t i v e s ,  

T h i s  e s t i m a t e ,  b a s e d  i n  p a r t  on p a s t  e x p e r i e n c e  w i t h  M a r i n e r  

s p a c e c r a f t ,  assumes t h e  s p a c e c r a f t  m a g n e t i c  f i e l d s  w i l l  b e  
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s t a b l e  t o  a p p r o x i m a t e l y  1 0 % .  I t  i s  o b v i o u s ,  h o w e v e r ,  t h a t  

t h e r e  a r e  some r i s k s  t o  t h e  s u c c e s s  o f  t h e  e x p e r i m e n t  i n  

s e t t i n g  t h i s  c r i t e r i o n .  The 1 0  y f i g u r e  i s  c o n s i d e r e d  an  

u p p e r  l i m i t  ( a s s u m i n g  t h e  1 0 %  r u l e - o f - t h u m b  h o l d s ) .  The 

i n c r e a s e d  s i z e  and  g e n e r a l  c o m p l e x i t y  o f  t h e  M a r i n e r  s p a c e c r a f t  

s u g g e s t s  i t  may b e  d i f f i c u l t  t o  a c h i e v e  t h e  d e g r e e  o f  m a g n e t i c  

c l e a n l i n e s s  o f  p r e v i o u s  m i s s i o n s .  I f  t h e  m a g n e t o m e t e r  w e r e  

t o  b e  l o c a t e d  a t  t h e  end  o f  t h e  o m n i d i r e c t i o n a l  a n t e n n a ,  a 

f i e l d  o f  1 0  y o r  l e s s  m i g h t  n o t  b e  a t t a i n e d .  F u r t h e r m o r e ,  i t  

i s  c o n c e i v a b l e  t h a t  s y s t e m  d e s i g n  changes  c o u l d  r e s u l t  i n  a 

f i e l d  i n s t a b i l i t y  o f ,  say ,  50%, i n  w h i c h  c a s e  a  1 0  y s p a c e -  

c r a f t  f i e l d  w o u l d  r e s u l t  i n  v a r i a t i o n s  o f  5 y o r  so  d u r i n g  t h e  

l i f e  o f  t h e  m i s s i o n .  T h i s  w o u l d  h a v e  a  d e l e t e r i o u s  e f f e c t  

on t h e  m a g n e t o m e t e r  m e a s u r e m e n t s .  

I f  t h e  s p a c e c r a f t  l o n g - t e r m  f i e l d  v a r i a t i o n s  e q u a l  or 

e x c e e d  t h e  1  y l i m i t  i m p o s e d  b y  t h e  s c i e n t i f i c  o b j e c t i v e s  

o f  t h e  m a g n e t o m e t e r  e x p e r i m e n t ,  c o m p l i c a t e d  d a t a  r e d u c t i o n  a n d  

a n a l y s i s  t e c h n i q u e s  m u s t  b e  e m p l o y e d  t o  s e p a r a t e  n a t u r a l l y  

o c c u r r i n g  phenomena f r o m  d r i f t s  i n  t h e  s p a c e c r a f t  f i e l d .  

F o r  examp le ,  on M a r i n e r  4 i t  was n e c e s s a r y  t o  remove  f r o m  

t h e  d a t a  a  s m a l l  f i e l d  c o n t r i b u t e d  b y  t h e  s o l a r  vanes whose 

p o s i  L i o n s  c h a n g e d  s l o w l y  d u r i n g  t h e  m i s s i o n .  A c o n s i d e r a b l e  

a n a l y s i s  e f f o r t  was r e q u i r e d  i n  o r d e r  t o  do t h i s  s u c c e s s f u l l y ~  

C a r e f u l  r e m o v a l  o f  s p a c e c r a f t  f i e l d s  r e q u i r e s  t h e  e x ~ e n d i  t u r e  

o f  i n o r d i n a t e  amounts  o f  b o t h  t i m e  and  money. On e a r l i e r  

M a r i n e r  m i s s i o n s ,  b y  c o m m i t t i n g  t h e  n e c e s s a r y  r e s o u r c e s ,  i t  



has been p o s s i b l e  t o  c a r r y  o u t  i n t e r p l a n e t a r y  f i e l d  measureL 

ments on s p a c e c r a f t  having  s t e a d y  s t a t e  f i e l d s  i n  t h e  1 0  t o  

30 y r ange .  However, t h i s  p l aced  t h e  Mar iner  magnetomelter e x -  

p e r i m e n t e r s  i n  a  compromising s i t u a t i o n  wi th  some e l emen t s  o f  

t h e  s c i e n t i f i c  community i n s o f a r  a s  t h e y  might  have been ex- 

p e c t e d  t o  demand e s s e n t i a l l y  z e r o  s p a c e c r a f t  f i e l d s .  Never- 

t h e l e s s ,  we, a long  w i t h  a  s u b s t a n t i a l  f r a c t i o n  of  t h e  s c i e n -  

t i f i c  community, a r e  now convinced  t h a t  s u f f i c i e n t l y  a c -  

c u r a t e  measurements of f i e l d  magnitudes and d i r e c t i o n s  can 

be made i n  s p i t e  of d i f f i c u l t i e s  a s s o c i a t e d  w i t h  such s p a c e -  

c r a f t  f i e l d s .  Thus, o u r  p o s i t i o n  remains a s  f o l l o w s  wi th  

r e g a r d  t o  t h e  Mar iner  Venus-Mercury m i s s i o n :  While a  nlear- 

z e r o  s p a c e c r a f t  magnet ic  f i e l d  would make f o r  ready a c c e p t a n c e  

of t h e  s c i e n t i f i c  r e s u l t s ,  i t  i s  n o t  an a b s o l u t e  r e q u i r e m e n t ;  

however, magnet ic  s t a b i l i t y  t o  l e s s  than  1  y i s  a  r equ i remen t  

i f  d a t a  r e d u c t i o n  c o s t s  a r e  t o  be he ld  down. 

One advan tage  of t h e  magnetometer boom i s  t o  p r o v i d e  

a d e q u a t e  s e p a r a t i o n  between t h e  magnetometer expe r imen t  a n d  

t h e  s p a c e c r a f t - c a u s e d  s o u r c e s  of D C  and s lowly  v a r y i n g  m a g -  

n e t i c  f i e l d s .  S i n c e  t h e  dominant magnet ic  s o u r c e s  a r e  d i p o l e s ,  

t h e  i n v e r s e  cube r e l a t i o n  i m p l i e s  t h a t  doub l ing  t h e  s e p a r a -  

t i o n  r educes  t h e  e f f e c t  by a  f a c t o r  of  e i g h t .  The r e s u l t i n g  

b e n e f i t s  which a c c r u e  t o  t h e  magnetometer expe r imen t  a r e :  

1 .  The r i s k s  t o  t h e  s u c c e s s  of  t h e  magnetometer 

expe r imen t  a r e  reduced .  



2 .  The d a t a  r e d u c t i o n  c o s t s  a r e  r educed .  

3 .  The s c i e n t i f i c  r e s u l t s  w i l l  be more r e a d i l y  ac:- 

c e p t e d  by t h e  s c i e n t i f i c  community. 

There  a r e  a d d i t i o n a l  arguments  which f a v o r  a  magnetometer 

boom on t h i s  p a r t i c u l a r  mis s ion  and which d i d  n o t  app ly  t o  

p r e v i o u s  Mar ine r s .  The exper imen t  proposed f o r  t h e  Venus- 

Mercury miss ion  shou ld  s t u d y  n a t u r a l l y  o c c u r r i n g  f i e l d  v a r i a -  

t i o n s  a t  f r e q u e n c i e s  u p  t o  10 Hz. E a r l i e r  Mar iner  magnetometers  

were e s s e n t i a l l y  D C  t o  1  Hz i n s t r u m e n t s .  The Mar ine r s  h a v e  

never  been t e s t e d  f o r  s p a c e c r a f t  magnet ic  f i e 1  d v a r i a t i o n s  

above 1 Hz and i t  i s  d i f f i c u l t  t o  p r e d i c t  what d i f f i c u l t i e s  

r e s i d e  i n  t h e  n e x t  f r equency  decade .  

In t h e  same v e i n ,  t h e  r equ i remen t s  f o r  t h e  plasma w a v e  

exper imen t  proposed f o r  t h e  Venus-Mercury miss ion  a r e  even 

more s t r i n g e n t .  The plasma wave exper imen t  i s  i n t e n d e d  t o  

measure both e l e c t r i c  and magnet ic  t ime  v a r y i n g  f i e l d s  w i t h  

f r equency  components u p  t o  t e n s  of k i l o h e r t z .  E s s e n t i a l l y  

n o t h i n g  i s  known r e g a r d i n g  t h e  Mariner  f i e l d s  a t  t h e s e  high 

f r e q u e n c i e s .  A t  some f r e q u e n c i e s  t h e  plasma wave e x p e r i -  

ment has a  t h r e s h o l d  s e n s i t i v i t y  30 t imes  g r e a t e r  than  t h e  

magnetometer.  P a s t  e x p e r i e n c e  wi th  s e a r c h  c o i l  magnetometers 

makes i t  seem ex t remely  u n l i k e l y  t h a t  one cou ld  hope t o  s a t i s f y  

t h e  r e q u i r e m e n t s  of t h e  plasma wave exper imen t  w i t h o u t  p l a c i n g  

t h e  s e n s o r s  a t  t h e  end of  a  long  boom. The b e s t  way t o  meet 

t h e  r e q u i r e m e n t s  of  both expe r imen t s  would be t o  use  a  l o n g  

boom. I d e a l l y ,  t h e  e x p e r i m e n t e r s  would p r e f e r  s e p a r a t e  booms 
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t o  avo id  p o t e n t i a l  mutual i n t e r f e r e n c e  problems.  Fur the rmore ,  

t h e  symmetr ica l  deployment of two booms on o p p o s i t e  s i d e s  o f  

t h e  s p a c e c r a f t  i s  a t t r a c t i v e  from t h e  v iewpoin t  of  space!eraf"c 

dynami c s  . 
F i n a l l y ,  i t  shou ld  be mentioned t h a t  on o t h e r  p r o j e c t s ,  

t h e  magnet ic  r e q u i r e m e n t s  have been met by a  combinat ion  o f  

two t a c t i c s .  Ra the r  s e v e r e  magnet ic  c o n s t r a i n t s  were imposed 

on t h e  expe r imen t s  and s p a c e c r a f t  subsys tems and an a p p r o p r i a t e  

l e n g t h  boom was then  used t o  r educe  t h e  f i e l d  a t  t h e  magnetometer 

s e n s o r  t o  a  t o l e r a b l e  l e v e l .  A long  boom s h o u l d  r e s u l t  i n  

a  s m a l l e r  s p a c e c r a f t  f i e l d  a t  t h e  magnetometer s e n s o r  and 

f a c i l i t a t e  a r e d u c t i o n  of t h e  magnet ic  c o n s t r a i n t s  imposed on  t h e  

v a r i o u s  subsys tems .  
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B .  M a g n e t i c - F i e l d  I n t e r f e r e n c e  S p e c i f i c a t i o n s *  

M a r i n e r  V e n u s - M e r c u r y  73  e q u i p m e n t  o f  a  new d e s i g n ,  o r  

t h a t  w h i c h  i s  m o d i f i e d ,  s h a l l  be  c o m p a t i b l e  w i t h  t h e  m a g n e t i c  

r e q u i r e m e n t s  a s  s p e c i f i e d  h e r e i n .  A d h e r e n c e  t o  b o t h  t h e  m a x i -  

mum m a g n e t i c  f i e l d  s t r e n g t h  a n d  f i e l d  s t a b i l i t y ' s h a l l  b e  r e -  

q u i r e d .  The r e q u i r e m e n t s  a r e  as  f o l l o w s ,  a n d  as  shown i n  

F i g u r e  V.1:**  

P e r m a n e n t  o r  Remnant F i e l d s  Due t o  M a g n e t i c  M a t e r i a l s  

Maximum r a d i a l  f i e l d  s h a l l  be  w i t h i n  t h e  l i m i t s  shown i n  

F i g u r e  V.1. 

The maximum r a d i a l  f i e l d  s h a l l  b e  s t a b l e  t o  a  v a l u e  l e s s  

t h a n ,  or e q u a l  t o ,  t h a t  shown i n  F i g u r e  V . l  u n d e r  t h e  f o l -  

1  o w i n g  c o n d i t i o n s :  

- A f t e r  e x p o s u r e  t o  a  2 5  Gauss f i e l d ,  f o l l o w e d  b y  

d e m a g n e t i z a t i o n  i n  z e r o  f i e l d .  

- A f t e r  movement o r  r e p o s i t i o n i n g  o f  m a g n e t i c  m a t e r i a l s  

( e . g . ,  s o l e n o i d s ,  s t e p p i n g  m o t o r ,  s c a n  p l a t f o r m ,  e t c .  ) 

F i e l d s  Due t o  C u r r e n t  Loops  (DC t o  0 . 0 1  H z )  

The maximum r a d i a l  f i e l d  s h a l l  be  w i t h i n  t h e  l i m i t s  shown 

i n  F i g u r e  V.1. 

Changes i n  t h e  c u r r e n t  l o o p  f i e l d  s h a l l  be  w i t h i n  t h e  

l i m i t s  shown i n  F i g u r e  V . l  u n d e r  b o t h  o f  t h e  f o l l o w i n g  

c o n d i t i o n s :  

* S p e c i f i c a t i o n s  s e t  b y  p r o j e c t  o f f i c e  [Swenson, 19701 .  
* * F i g u r e  V . l  i s  d e r i v e d  f r o m  t h e  s p e c i f i c a t i o n s  g i v e n  i n  T a b l e  V.1, 
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- Any changes t o  t h e  equipment  o p e r a t i n g  mode o r  s t a t e ,  

- Long-term changes r e s u l t i n g  from v a r y i n g  o p e r a t i o n a l  

o r  mis s ion  pa ramete r s  ( e . g . ,  s o l a r  panel c u r r e n t s ,  e t c . ) .  

Equipment a s  d e f i n e d  h e r e i n  i s  s p a c e c r a f t  s u b s y s t e m / a s s e m b l i e s  

which a r e  c a r r i e d  a s  p r o v i s i o n a l  s p a r e s  and a r e  d e l i v e r e d  to 

SAF a s  a  comple te  u n i t  ( e . g . ,  CC&S, Canopus S e n s o r ,  R F S ,  e d c . ) .  

A C  Magnetic F i e l d s  (O.Ol* Hz t o  10 H z )  

A C  magnet ic  f i e l d s  s h a l l  be l e s s  than  0.1 gamma ( r m s )  a t  

a  d i s t a n c e  of t h r e e  f e e t  from t h e  equipment .  These r e q u i r e -  

ments s h a l l  be e x c l u s i v e  of  tu rn -on  o r  t u r n - o f f  t r a n s i e n t s ,  

Demonstrat ion of  adhe rence  t o  t h e  above may be r e q u i r e d  

through t h e  implementa t ion  of  a  magnet ics  c o n t r o l / e v a l u a t i o n  

program. 



T A B L E  Y.l - 
M V M  ' 7 3  Magnetometer Team recommendations f o r  magnet ic  c o n s t r a i n t s  on e n t i r e  s p a c e c r a f t ,  
e x p r e s s e d  i n  terms of maximum a l l o w a b l e  f i e l d  o r  f i e l d  change a t  t h e  magnetometer s e n s o r  
l o c a t i o n  ( 1 5 '  from c e n t e r  of b u s ) .  

a g n e t i c  
a t e r i a l s  

I s e l e c t i v e  b a s i s ) .  

0 . 2 ~  Due t o  moving f e r r o m a g n e t i c  m a t e r i a l ,  
-- I I s o l e n o i d s ,  o r  s t e p p i n g  moto r s .  

C c u r r e n t  loop 
i e l d s  

F i e l d  v a r i a t i o n s  
i n  t h e  f r equency  
r a n g e  0.01 Hz t o  

i 

O.ly rms E x c l u s i v e  of turn on t r a n s i e n t s .  





C .  P rocedures  f o r  Magnetic I n t e r f e r e n c e  T e s t s  

In o r d e r  t o  r e l a x  t h e  s p e c i f i c a t i o n s  on t h e  magnet ic  

f i e l d s  from s p a c e c r a f t  hardware ,  i t  i s  n e c e s s a r y  t o  per form 

an adequa te  s e r i e s  of  p r e - f l i g h t  t e s t s .  The d i f f i c u l t y  h e r e  i s  

t h a t  a  thoroughgoing  t e s t  p rocedure  can be e x t r e m e l y  e x p e n s i v e .  

Of c o u r s e ,  r e g a r d l e s s  of  how e l a b o r a t e  such t e s t s  become, t h e y  

would s t i l l  be c o n s i d e r a b l y  l e s s  e x p e n s i v e  than  t h e  produc-  

t i o n  of magne t i ca l  l y  c l e a n  s p a c e c r a f t .  N e v e r t h e l e s s ,  t h e  

team r e c o g n i z e s  t h a t  even w i t h  a l l  t h e  o t h e r  c o n c e s s i o n s  i n -  

volved i n  o u r  a s s ignment  of  t h e  s p e c i f i c a t i o n s ,  t h e r e  may n o t  

be s u f f i c i e n t  funds  t o  s u p p o r t  a  r e a l l y  thorough e v a l u a t i o n  o f  

t h e  magnet ic  f i e l d s  from t h e  s p a c e c r a f t .  Accord ing ly ,  we o u t -  

l i n e  h e r e  what we c o n s i d e r  t o  be a  minimum t e s t  p rocedure .  

The subsys tems and t h e  comple te  s p a c e c r a f t  shou ld  be 

mapped i n  t h e  e a r t h ' s  f i e l d  us ing  a  t e c h n i q u e  s i m i l a r  t o  t h a t  

used on Mar iners  4 and 5 .  The magnet ic  f i e l d s  produced by t h e  

e l e c t r i c  c u r r e n t s  i n  t h e  subsys tems and t h e  s p a c e c r a f t  should  

be de te rmined  aga in  us ing  p rocedures  s i m i l a r  t o  t h o s e  used an 

e a r l i e r  Mar ine r s .  I t  w i l l  a l s o  be n e c e s s a r y  t o  make e v e r y  

e f f o r t  t o  measure changes i n  t h e  s p a c e c r a f t  magnet ic  f i e l d  pra- 

duced by changes i n  t h e  p o s i t i o n s  o r  o r i e n t a t i o n s  of movable 

machinery on boa rd .  The change produced i n  t h e  magnet ic  f i e l d  

a t  t h e  s e n s o r  by each change i n  t h e  mode o f  o p e r a t i o n  of  t h e  

s p a c e c r a f t  should  a l s o  be measured b e f o r e  t h e  f l i g h t .  

Many o f  t h e s e  f i e l d s  can be checked i n - f l i g h t .  However, 

i t  i s  most i m p o r t a n t  t o  perform such t e s t s  w i th  t h e  complete  



4 1 

sys tem i n  o r d e r  t o  be s u r e  t h a t  t h e r e  i s  n o  mode of normal 

o p e r a t i o n  t h a t  can degrade  t h e  measurements of t h e  magnet ic  

f i e l d s  t o  i n t o l e r a b l e  l e v e l s .  
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D.  Remarks on Magnet ic  I n t e r f e r e n c e  S p e c i f i c a t i o n s  

The i n t e r f e r e n c e  s p e c i f i c a t i o n s  i n  S e c t i o n  V . B  a r e  t ho se  

proposed by t h e  p r o j e c t  o f f i c e .  They were d e r i v e d  from t h e  

m a t e r i a l  i n  Tab le  V . 1 .  This  m a t e r i a l  was p rov ided  by t h e  

magnetometer team. N e v e r t h e l e s s ,  t h e  team members f e e l s  

t h a t  t h e  s p e c i f i c a t i o n s  a r e  i n a d e q u a t e  i n  s e v e r a l  r e s p e c t s .  

F i r s t ,  t h e r e  i s  no p r o v i s i o n  f o r  t e s t i n g  o r  r e - t e s t i n g  equ ipment  

o t h e r  t h a n  t h a t  which i s  of a  new o r  mod i f i ed  d e s i g n .  S e c o n d ,  

t h e r e  i s  a s  y e t  no r e s p o n s i b i l i t y  f o r  t h e  t e s t s .  T h i r d ,  t h e r e  

i s  a s  y e t  no i n d i c a t i o n  of t h e  s c h e d u l i n g  of t h e  t e s t s .  I t  

i s  e s s e n t i a l  t h a t  t h e s e  t e s t s  be performed e a r l y  enough t o  

pe rmi t  any c o r r e c t i v e  a c t i o n  t h a t  may be i n d i c a t e d .  



4 3  

VI. R E M A R K S  O N  T H E  PROPOSAL SELECTION PROCESS 

In t h i s  s e c t i o n  we d i s c u s s  v a r i o u s  a s p e c t s  of t h e  p r o -  

c e d u r e s  t h a t  w i l l  be used t o  e v a l u a t e  p r o p o s a l s  f o r  t h e  M V M  73 

e x p e r i m e n t s .  

A .  Cost  In fo rma t ion  

A s e v e r e  budge ta ry  c o n s t r a i n t  on t h e  p r o j e c t  r e q u i r e s  t h a t  

t h e  c o s t  of  any proposed exper imen t  be c o n s i d e r e d  i n  t h e  p r o -  

posal  e v a l u a t i o n .  T h i s  r equ i remen t  r a i s e s  s e v e r a l  q u e s t i o n s :  

1 .  How w i l l  c o s t s  of an expe r imen t  proposed by a  g r o u p  

w i t h i n  a  government agency be compared t o  t h o s e  of  an e x p e r i -  

ment proposed by a  group a t  a  u n i v e r s i t y  o r  i n d u s t r i a l  c o n c e r n ?  

Because of p r e s e n t  c o s t  a c c o u n t i n g  p rocedures  w i t h i n  t h e  g o v e r n -  

ment ,  an expe r imen t  proposed by a  r e s e a r c h  c e n t e r  of e i ~ t h e r  

NASA o r  a n o t h e r  government agency can be performed a t  l e s s  

c o s t  t o  t h e  p r o j e c t  t han  t h e  same exper imen t  proposed by a n o n -  

government o r g a n i z a t i o n .  However, t h e  a c t u a l  c o s t  t o  t h e  

government of t h e  in -house  expe r imen t  may be equal  t o  or 

g r e a t e r  than  t h a t  of  t h e  o t h e r s .  F u r t h e r ,  i t  i s  more t l i f f i -  

c u l t  f o r  t h o s e  who e v a l u a t e  t h e  p r o p o s a l s  t o  e s t i m a t e  t h e  c o s t  

of an expe r imen t  c a r r i e d  o u t  a t  a  government c e n t e r  than  i t  i s  

t o  e s t i m a t e  t h e  c o s t s  of one performed by a  u n i v e r s i t y  or 

i n d u s t r i a l  group.  A p rocedure  f o r  such comparisons shou ld  

be e s t a b l i s h e d .  

2 .  The p r o p o s a l s  a r e  t o  c o n t a i n  t h e  c o s t  h i s t o r y  o f  t h e  

proposed i n s t r u m e n t  o r  i t s  p r e v i o u s  v e r s i o n s .  How w i l l  t h e s e  

h i s t o r i e s  be e v a l u a t e d ?  We f e e l  t h a t  t h e  c o s t  of p a r t i l c u l a r  



( i d e n t i c a l )  i n s t r u m e n t s  would d i f f e r  c o n s i d e r a b l y  from one 

p r o j e c t  t o  a n o t h e r .  Thus,  f o r  example,  O G O  hardware a p p e a r s  

t o  us t o  have been much l e s s  e x p e n s i v e  than  e i t h e r  Mariner  or 

P i o n e e r  hardware.  

3 .  How w i l l  t h e  c o s t  of  r e l i a b i l i t y  and q u a l i t y  a s s u r a n c e  

be e s t i m a t e d ?  P r o j e c t  pe r sonne l  have s t a t e d  t h a t  t hey  w i l l  

p r e t t y  much l e a v e  i t  t o  t h e  p ropos ing  e x p e r i m e n t e r  t o  e s t a b l i s h  

h i s  Q A  s p e c i f i c a t i o n s .  However, we have found no unanimi ty  w i t h -  

i n  t h e  p r o j e c t  a s  t o  t h e  compara t ive  c o s t s  of  t h e  v a r i o u s  Q A  pro- 

grams t h a t  have been used i n  t h e  p a s t .  How, t h e n ,  w i l l  t h e  p r o -  

posal  e v a l u a t o r s  a s s e s s  t h e  accuracy  of  c o s t  e s t i m a t e s  even 

when t h e  p r o p o s e r  d e s c r i b e s  h i s  approach t o  Q A ?  

B .  The Composite Subcommittee 

A t  t h e  f i n a l  meet ing  of  t h e  SSG, program pe r sonne l  from N A S A  

Headquar t e r s  d e s c r i b e d  NASA's p lan  t o  form a  composi te  subcsm- 

m i t t e e  f o r  e v a l u a t i n g  t h e  M V M  7 3  p r o p o s a l s .  The subcommittee 

would c o n s i s t o f  one member from each s t a n d i n g ,  d i s c i p l i n e - o r i e n t e d  

subcommittees  of t h e  Space S c i e n c e s  S t e e r i n g  Committee. 

The SSG f e l t  t h a t  t h e  i d e a  of  forming a  composi te  subcom- 

m i t t e e  was a  good one b u t  t h a t  t h e  p rocedures  needed c l a r i f i c a -  

t i o n .  I t  appeared  t h a t  t h e  purpose  of  t h e  composi te  subcom- 

m i t t e e ,  i . e . ,  t o  e l i m i n a t e  c o n f l i c t s  of i n t e r e s t  t h a t  w o u l d  e x i s t  

under t h e  usual  p r o c e d u r e s ,  cou ld  be d e f e a t e d  by t h e  r u l e  t h a t  

t h e  r e p r e s e n t a t i v e  of a  d i s c i p l i n e  subcommittee was t o  a c t  a s  

i n s t r u c t e d  by h i s  subcommit tee .  Accord ing ly ,  t h e  follo\iding 

r e s o l u t i o n  was passed by t h e  S c i e n c e  S t e e r i n g  Group: 
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a.  T h a t  e a c h  member o f  t h e  V e n u s - M e r c u r y  c o m p o s i t e  

s u b c o m m i t t e e  g i v e  due c o n s i d e r a t i o n  t o  t h e  r a t . i n g s  

a s s i g n e d  b y  h i s  d i s c i p l i n e  s u b c o m m i t t e e ,  b u t  t h a t  

h e  a c t  a u t o n o m o u s l y .  

b .  T h a t  t h e  c o m p o s i t e  s u b c o m m i t t e e  not a s s i g n  p r i o r i t i e s  

t o  c o m p e t i n g  p r o p o s a l s  w i t h i n  a  g i v e n  d i s c i p l i n e .  

The m a g n e t o m e t e r  t eam f u r t h e r  s u g g e s t s  t h a t  t h e  f u n c t i o n  

o f  t h e  d i s c i p l i n e  s u b c o m m i t t e e s  be  l i m i t e d  t o  c a t e g o r i z i n g  t h e  

p r o p o s a l s  i n  a c c o r d a n c e  w i t h  p r e v i o u s  r u l e s  a n d  t h a t  t h e y  

a s s i g n  no  p r i o r i t i e s  among t h e  e x p e r i m e n t s  t h a t  t h e y  h a v e  p u t  

i n  a  p a r t i c u l a r  c a t e g o r y .  
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